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ABSTRACT 

Developing Situational Understanding: Will a Digitized Force See the 21st Century Forest Through the 
Trees? By MAJ Chester F. Dymek, III, USA, 92 pages. 

This monograph answers the question, "Will users of the information technology systems develop 
the situational understanding and visualization to enhance the battlefield decision making capabilities in the 
Force XXI mechanized battalions and brigades?" This study first addresses the body of knowledge 
concerning both the rational and intuitive skills and abilities necessary to make a decision. A central point 
to the argument is that decision making skills improve with experience and practice from the novice to the 
expert level. The overall intent is to specifically address expert decision-making strategies in complex, 
uncertain environments because all military decisions are made in the realm of the uncertain. As noted by 
our senior leadership, the twenty-first century spectrum of conflict or action will be inherently ill-defined, 
not because of poor guidance or instruction, but because of the complexity of the problems. 

The theory of decision making is uniquely interdisciplinary; the fields of economics, statistics, 
mathematics, philosophy, operations research, and psychology all permeate the body of research. Decision 
making theory by itself may also be seen as a theory of best action, not always of rational action. The 
study also examines human indecision, computer aided decision making, and the development of artificial 
intelligence. Therefore, the answer to this problem is one that must be multi-modal in its study, design and 
application. 

The context for this question focuses on the current doctrine of battle command and decision 
making theory. The Great Captains, from Alexander to Napoleon, dominated their battlefields through 
their tactical genius, expert decision making, and good fortunes. But history is also replete with examples 
of military failures and misfortunes that were the result of incompetent or novice leadership. The 
digitization of command, control, communications and intelligence systems enhances the achievement of 
situational awareness, battlefield visualization, and battle command, but cannot replace the human element. 
Therefore this is not an assessment of the technical capabilities of the Force XXI material initiatives, but 
rather an examination of those responsible for making decisions. 

Our nation expects and our soldiers deserve expert decision making from their military leadership. 
This monograph recommends a new way of conceptualizing the battlefield, a different approach of 
instructing in the school houses, and a fundamental change in the process of developing subordinate 
leadership skills. The challenge is to develop a new mindset to fully harness the technological advantages 
of the information age. 

in 
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Chapter I. Introduction 

Problem Statement and Research Question. The United States Army is changing from a forward deployed, 

industrial age force, designed to stop the Soviet Red Army's westward attack through northern and central 

Europe, to a power projection information age army. Although future focused with the Advanced 

Warfighting Experiment (AWE), Force XXI Initiatives, and the Army After Next (AAN), today's Army 

still must prepare to defeat a conventional, adaptive, thinking, industrial era foe. We can expect that the 

Army "will remain fully engaged throughout the world, meeting the nation's security needs and helping 

shape the future strategic environment."1 Our military leadership looks toward technological advances to 

enhance mobility, survivability and lethality, in order to identify, engage and destroy hostile forces 

successfully in an unstable, uncertain world. 

Through digitization, information age technologies have increased greatly the acquisition and 

dissemination of data in a rapidly changing military environment.2 "Paradoxically, a flood of real or near- 

real time information places greater demands on intelligence gatherers and decision makers alike, forcing 

them to rely more on their intuition and Clausewitzian coup d'oeil than ever before."3 No matter the 

amount of information acquired or analyzed, the challenge remains for the decision maker to synthesize 

quickly and act; this is the intended focus for this paper. 

This monograph seeks to answer the question: Can users of the information technology systems 

develop the situational understanding and visualization to enhance battlefield decision making capabilities 

in Force XXI mechanized battalions and brigades? This study uses three subordinate questions to argue the 

research question from the specific to the general. First, what is the individual thought process and how is 

it developed? Second, what is expert decision making and how does it apply to the military? Finally, what 

are the requisite abilities decision makers need to achieve battle command in Force XXI? 

Technology has not and most likely will not sanitize warfare through automating decisions and 

(hypothetically) eliminating human error. Technology alone has never been and still is no substitute for 

effective strategy or tactical execution. This thought will run through a discussion of developmental and 

decision making theory, expert systems analysis, and automated decision making. This paper centers on 

the abilities of human beings and not digital devices to make decisions. Ultimately, the conclusion of this 
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work defines the future requirements for military decision making within the context of battle command in 

Force XXI. 

United States Army Doctrine and Concepts. In order to determine an organization's purpose, 

direction, and philosophy one may look at the stated practices and beliefs of an institution. The US Army 

has many published doctrinal documents and developmental concepts that describe how and why it 

operates or desires to operate in the future. Through these written documents, one may determine how the 

Army, as an institution, believes military decisions should be made and how decision making skills should 

be developed. The essential elements for military decision making appear to be the exercise of battle 

command, the attainment of battlefield visualization, and development of situational awareness.  FM 100- 

5, Operations and TRADOC PAM 525-5, the Army's concept for Force XXI operations, define battle 

command as "the art of decision making, leading, and motivating soldiers and their organizations into 

action to accomplish missions. Battle command includes visualizing the current state and future state, then 

formulating concepts of operations to get from one to another at the least cost."4 The concept of battle 

command should not focus one on information, but rather knowledge and action. 

Thinking and acting are simultaneous activities for leaders in battle, through which the 

commander interprets the situation and makes a decision. Visualizing the battlefield is a continuing 

requirement for commanders. Battlefield visualization is a component of battle command. It is made 

possible by the combination of technologically supported information acquisition systems along with the 

commander's intuition, judgment, wisdom, and experience. It consists of the ability of the commander to 

form a mental picture of the current and future state based on a higher commander's intent, available 

information, and intuition.5 Battlefield visualization is related, but not identical to situational awareness. 

FM 100-5, Operations defines situational awareness as "the knowledge of physical forces on the 

battlefield in relation to the nature, scope, and tempo of the operation. It includes the ability to identify 

patterns and relationships, to understand the critical points in time and space, and to recognize 

opportunities for decisive action." Leaders "must assimilate thousands of bits of information to visualize 

the battlefield, assess the situation, and direct the military action required to achieve victory [emphasis 



added]."6  The underlined portions of the previous definitions are the focus of this paper's initial research: 

the mental activity of thought is a complex process of the highest order. 

The Army's doctrine of battle command, battlefield visualization, and situational awareness 

describe a future state of military decision making that Force XXI units should possess. The doctrine 

describes the future state, but does not indicate how one develops the requisite skills to harness the 

advantages of information technology systems and assist in the decision making process. This monograph 

focuses on defining the human requirements to develop military decision making as envisioned in Force 

XXI. 

Recent U.S. Army Training Experiences. Recent U.S. Army training experiences demonstrate that although 

one of the tremendous advantages to digitization is increased speed of data flow, the quality of decisions 

has not improved in terms of agility and depth of thought. Our smaller, more lethal and more agile Army 

of the future requires leaders to harness information technologies and increase their decision making speed, 

as well as improve their completeness of thought and creativity in determining solutions. 

The task force and division Army Warfighting Experiments (TFAWE and DA WE) indicated that 

digital technologies significantly enhanced unit capabilities, but units were not confident in the reliability 

of all the systems. Commanders and staff officers at the Task Force AWE (TFAWE) either failed to trust 

the information available, or desired more before deciding, thereby forfeiting the potential initiative to the 

enemy.7 However, the decision making process for the senior officers (Colonel and above) improved 

during the Division AWE (DAWE), presumably because of their experience in making decisions with far 

less timely or accurate information. It was not because of improved staff actions or a more effective 

implementation of the technologies.8 The common assumption is that a hesitation in decision making is 

based on a desire for more certainty; knowledge of enemy and friendly units. Certainty in this context is 

not completeness of thought, but rather accumulation of more data. The junior commanders and staff 

officers who lack experience and knowledge to make rapid decisions appear to be hampered by the 

information presentation in its current format.9 It remains a difficult task to substitute technology for 

experience, practice and study, in order to develop battlefield intuition. 



This deficiency in decision making skills or abilities is not unique to the units involved with the 

AWE and it is not a technical problem. The Battle Command Battle Lab report, Focused Rotation 

Findings, describes the baseline assumption that, if a leader can answer the basic questions of friendly and 

enemy unit location and activity, then he or she can make a decision.10 That information is only part of the 

solution. One must understand the relationships between all the parts of the problem one is confronting 

and then have the ability and will to decide. The typical difficulties noted during the Combat Training 

Center (CTC) and the Battle Command Training Program (BCTP) exercises include: 

1. Commander's failing to assimilate doctrine into their decision making; 
2. Commander's failing to understand the military decision making process; 
3. And commander's failing to synchronize the assets available." 

The performance of junior field grade officers involved in Prairie Warrior 1998, and the June 

1997 DA WE National Training Center (NTC) rotation, indicates that increasing the amount of data 

supplied to the decision maker is an inferior substitute for experience. Computer generated graphics, the 

data of the Maneuver Control System (MCS), and the All-Source Analysis System (ASAS), provided data 

faster, but unfiltered and more uninterpreted data did not improve the quality or timeliness of the decision 

made. Some staff officers could develop a sense of terrain appreciation through three dimensional 

modeling and memorization, but not in terms of the effects on the forces. For example, one needs to 

understand such facts as that the fourth sixty-ton tracked vehicle moving over a snow covered trail creates 

ice through compression, or that the water which gathers in small seasonal inlets damages the guidance 

wires attached to some anti-tank missiles, in order to make use of raw terrain detail on expected unit 

operations.12 

Recent U.S. Army training experiences demonstrate that decision making has not improved 

significantly with the implementation of information technologies. Commanders and staffs at the lower 

levels of the Army organization continue to experience difficulties in mastering the art of battle command, 

battlefield visualization, and situational awareness. They lack the apparent requisite skills to harness the 

advantages of information technology systems and assist in the decision making process. 

Leaders may not only lack certain technical skills, but may also fail to comprehend the intentions 

of doctrine. Confusion develops within an organization when the stated doctrine or concept varies from 



what is in use by the institution. For example, the term "Relevant Common Picture" (RCP) describes a 

uniform presentation of the desired information. The RCP as a digital, near-real time representation of the 

location of friendly and enemy units, is a means to situational awareness, not the end.13 However, there 

may be a misperception within the Army that viewing the relevant common picture is achieving situational 

awareness, rather than an element of situational awareness.14 The communicated thought is that gaining 

situational awareness is merely being aware of the enemy and friendly units, rather than the totality of a 

thought process and action as stated in the Army's doctrinal publications. One military publication about 

the employment and capabilities of information technologies defines situational awareness as "the ability to 

have accurate and real-time information of friendly, enemy, neutral, and noncombatant locations; a 

common, relevant picture of the battlefield scaled to specific level of interest and special needs."15 As we 

develop the terminology and record the lexicon of Force XXI and the Army After Next, we should 

appreciate how the force receives the message may be more pertinent than how the message is presented. 

So then, what is important about the notion of Relevant Common Picture to the research question? 

Understanding an RCP is pertinent to discussing the ability to achieve situational awareness and battlefield 

visualization within the decision making process. The organization and presentation of data in the RCP 

improves the decision maker's information processing capability. The RCP does not mean the digital 

system presents the same picture to each person, rather each decision maker has a view of the battlefield 

with the appropriate level of detail based on a common database. As the quality of information, not 

quantity of facts, improves during mission analysis through execution, leaders will be able to manage 

forces more effectively and focus on the enemy. This data may translate into horizontally and vertically 

shared information, but raw data alone should not be used interchangeably with thought process that 

develops situational awareness. Given the Army's doctrine, concepts, and recent experiences, what 

methodology then could answer the primary and subordinate research questions? 

Methodology. The objective of this monograph is not to validate or assess the effectiveness of the 

digitization of information systems. Whether or not the systems can produce more and improved 

information faster is not the question. Army doctrine that is vague or misleading may be clarified through 



further explanation or redefinition of the terms, followed by promulgation of the desired meaning to the 

entire force structure. This monograph answers the challenges posed by the recent U.S. Army training 

experiences with regard to a thought process that facilitates decision making and mastering the art of battle 

command, battlefield visualization, and situational awareness. The methodology of this paper is to define 

the individual though process and its development. Given a theoretical discussion on the development of a 

thought process, the next step is to recognize expert decision making and its application in the military. 

This paper then identifies the requisite abilities decision makers need to achieve battle command, 

battlefield visualization, and situational awareness in Force XXI warfare, and proposes a course of 

implementation for the Army's training and education programs. 

The limitations of the research involve assessing and attributing decision results to the 

commander's experience and wisdom alone. Outcome measurements (placing relative values for success 

or failure of the mission) depend on many extraneous variables, making it difficult to isolate the dependent 

variables of the decision. Superior execution could overcome the shortcomings of an inferior decision. 

There are so many differences between even the same individual performing as a battalion commander and 

then as a division commander that it is infeasible to quantify or qualify a response scale. The value of the 

past experiences of any decision maker would be very difficult, if not impossible, to measure. 

Given the theoretical challenges of analyzing the decision making process, versus analyzing a 

decision, one must first develop a framework to identify the cognitive thought processes within decision 

making before applying measurement criteria to a decision. Some of the key elements in the cognitive 

process of decision theory include: patterns, perceptions, predictions, linkages, assumptions, possibilities, 

and confidence. For the purposes of this discussion one could group the subjects of patterns, perceptions, 

and predictions under the general heading of mental models. Another category for discussion in this 

monograph would include linkages, assumptions, possibilities, and confidence under the topic of expert- 

decision making. The importance here is not on how well individuals perform, but how they perform. 

This paper does not evaluate the analytical decision making process of the MDMP, but focuses on the 

development and use of mental models and decision making abilities of the individual commander. 



For the purpose of this monograph the evaluation criteria should apply to general decision making 

theory, military decision making strategies, and computerized decision making processes. The evaluation 

criteria for analyzing the development of the individual decision making process will be depth, versatility, 

agility, and the "Law of Diminishing Returns." 

1. Depth. Depth of thought and decision making is not measured in terms of spatial battlefield 

relationships, but of completeness of thought. The ability to predict second and third order consequences 

and possibilities; thinking to achieve future results. Depth of thought is seeing the linkages between 

objects and events, anticipating and making assumptions. 

2. Versatility. Versatility of thought is the ability to discover unique, creative solutions to 

routine and ill-defined problems. There are many different ways to solve problems, and versatility of 

thought has always been akin to initiative in the US Army. The diverse requirements of a power projection 

force in the 21" century demand versatile thought. There is no stated or perceived desire to create a 

computer-based solution set thereby limiting creativity and versatility of thought. 

3. Agility. Agility is the mental acuity to solve complex problems quickly in order to control the 

tempo through actions that seize the initiative. There are many models and paradigms that attempt to 

explain the thought process and expert decision making. Colonel John Boyd, a retired Air Force fighter 

pilot, studied the performance of successful aviators in air to air combat. His theory called the OODA loop 

(Observe-Orient-Decide-Act, see Annex B, Decision Making Models, Figure 1) is the central theme to the 

theory of maneuver warfare, act faster than the enemy until he no longer has the ability to fight.16 In the 

data overload of the information age, too often the focus is on the "OO" of observing and ordering and not 

the "DA" of deciding and acting. Boyd's OODA loop is the basis for the joint definition of decision 

making cycle.17 

4. Law of Diminishing Returns. The Law of Diminishing Returns in thought refers to the time 

sensitive nature, and the absence of perfect information, within the context of military decisions. There is 

an optimal time to make a decision based on information and the ability to decide. However, the problem 

for the military is that the need for a decision may come before you achieve the optimum point. Dr. 

Kindler, author of Risk Taking: A Guide for Decision Makers, made an observation that as the amount of 



information increases, the cost of collecting the information increases geometrically, but the value of the 

information levels out.18 

Chapter II. What is the individual intellectual thought process and how is it developed? 

There is little value in applying any evaluation criteria to decision making, either in historical case 

studies or experimental research, without first examining the theories of thought and deciding. The initial 

step in assessing whether the users of information technology systems will develop the situational 

understanding and visualization to enhance the battlefield decision making capabilities is to identify the 

essential elements of an individual thought process that would lead one to understanding and action. This 

chapter establishes the basis of cognitive thought by defining intellectual development, the corresponding 

components of a thought process, and the creation of a processing scheme known as a mental model. 

Defining Intellectual Development. Although some thought processes are innate, decision making skills 

are developed. This monograph is intended to foster an understanding of how we think and what we can 

do to affect change in others. The first task then is to define development and intellectual development, 

then trace the necessary theoretical foundations of intellectual development, and finally outline the 

requisite theories for application in this paper. Understanding that no single perspective is capable of 

explaining or defining everything, it will be necessary to integrate a number of theories from psychology, 

philosophy, and engineering into a single concept of intellectual development. 

Development is a hierarchical process, in which each step is seen as a confrontational challenge to 

a person's previous thought structure that requires extension and redefinition of individual attitudes or 

competencies in the midst of increasing uncertainty and complexity, to again achieve an internal balance." 

In order to achieve intellectual development, one either adjusts existing thought structures (or 'mental 

models' which will be defined later) or develops a new structure to form an understanding and gain 

meaning for a given situation or context. Each individual processes information differently, but research 

indicates that similar experiences within a contextual domain result in similar ordering of thought.20 

Although this monograph assumes primarily a developmental perspective, there are notable 

influences from learning theorists that must be addressed because the transference of many military skills is 

8 



best accomplished through experience. There are significant differences between the developmental and 

learning theories, but they are not mutually exclusive. Developmental theorists tend to focus on qualitative 

advancement through progressive stages to a more effective or higher state of thinking about the 

individual, the environment, and the relationship between the two. Learning theorists center on the 

systematic acquisition of skills through study, instruction or experience. Development infers learning 

occurred, while learning does not infer that an individual developed. 

Albert Bandura, a behaviorist and author of The Social Learning Theory, posited that people are 

neither driven singularly by internal forces nor does their environment manipulate them. "Rather, 

psychological functioning is a continuous reciprocal interaction of personal and environmental 

determinants. Within this approach, symbolic, vicarious, and self-regulatory processes assume a prominent 

role."21 In simplest terms, man is a social being whose thought process results from the collective 

experiential activity of the society in which he lives. Experiential learning may be seen as the 

accumulation of cognitive determinants and relationships among objects, events, and particular situations. 

Social Learning Theory in and of itself may not account for innate thought processes, or the fact that 

people are capable of "overriding the best-laid plans of contiguity, reinforcements, and example by their 

idiosyncratic perceptions."22 

Although based in the traditions of Bandura and behaviorism, Arnold A. Lazarus' Multimodal 

Therapy subscribes to no particular "dogma other than the principles of theoretical parsimony and 

therapeutic effectiveness."23 Lazarus, a clinical psychologist, adapts a systems approach to his theory, 

incorporating behaviors, the affective domain, sensation, imagery, cognition, and relationships — taking a 

minimalist approach to theory and focusing primarily on treating the needs of the client. Given this more 

holistic and humanistic viewpoint, what we are is more than just the overt behavior of individuals. People 

do not respond to some real environment but rather to their perceived environment. Learning theories tend 

to explain and predict the psychology of human behavior based on environmental and cognitive 

determinants. On the other hand, developmental theories focus generally on explaining and predicting the 

psychology of thought. This discussion of development then, will continue based on perceptions, or how 

the individual recognizes and derives meaning, rather than learning.24 



Intellectual development is a hierarchical changing of existing thought structures or forming new 

thought structures to make sense of a situation or context. Intellectual development may be divided into 

two areas: What you know and how you think. What you know, the development of verbal, quantitative, 

and subject matter competence, may be identified through standardized tests or evaluations. These 

objective measurement indices are easier to administer and score than subjective means, so many rely on 

these tools to assess development. The skill to acquire information and achieve competence is essential for 

many tasks at many levels in the Army and in life. However from a developmental perspective, and for the 

primary purpose of this monograph, what you know is not as critical or lasting as how you think. 

How an individual thinks, reasons, or judges ~ the essence of intellectual development ~ is by far 

more difficult to understand or assess than what someone knows. The field of philosophy has existed for 

over 2600 years and the science of psychology is almost two hundred years old yet there is no universal 

consensus on matters of thought. Within the field of philosophy, one divides the study of decision making 

into discovery of human mental process and motivation. Although ethics, morality, or personal satisfaction 

affect an individual's reason or judgment - motivation to act through values and virtues is outside the 

scope of this research. The intended focus of the monograph remains on the process or intellectual activity 

of decision making. 

To begin laying the necessary theoretical foundations of intellectual development, one should first 

address, and then set aside, the nature versus nurture debate. Decision makers are neither completely born 

nor made. In the fourth century BC, Greek philosopher Plato wrote The Republic, which discussed the 

nature of justice, the range of human knowledge, the purpose of education. Plato offered an argument that 

thoughts and values are innate and not gained from experience. In contrast, seventeenth century English 

philosopher John Locke argued, in his "Essay Concerning Human Understanding," that there is no thought 

or action that does not originate from experience. Eighteenth century German philosopher Immanuel Kant, 

in his "Critique of Pure Reason," sought to provide resolution on this nature versus nurture controversy and 

bridge the gap between rationalism and empiricism. He argued simply that nature provides the structure 

for thought and action. Experience provides the content.25 Having thus disposed of the 2000 year long 

10 



nature versus nurture debate, one can proceed with a discussion on the theoretical foundations of 

intellectual development. 

Kant influenced another German philosopher, Georg Wilhelm Friedrich Hegel. Hegel 

popularized the concept of the dialectic, which serves as the basis of many theories in philosophy, political 

science and psychology. In this dialectic, an idea or thesis, contains within itself an opposing idea, called 

an antithesis. From conflict between these opposing concepts arises a third, totally new thought, the 

synthesis. Adding to this thought, throughout the nineteenth century, various thinkers discovered many 

secrets of the functioning of the human mind: the reflex action, the electrical nature of nerve impulses, the 

velocity and conduction of nerve impulses, color perception, and the resonance theory of hearing. All of 

these discoveries led to the developing field of psychology.26 

Within the twentieth century, technological advances improved the biological and physiological 

researcher's ability to study the mental tasks and cognitive processes of the mind. Although cognitive 

psychologists have discredited or dismissed most of Sigmund Freud's therapeutic work in psychoanalysis 

and dream interpretation, his contribution of understanding the mind's conscious, preconscious and 

subconscious are still relevant when mapping brain functions, memory, and rationalization.27 Similarly, 

Swiss psychologist Jean Piaget studied the development of children's thought about dreams and morals in 

an attempt to bridge philosophy with science. However, his lasting contribution to cognitive psychology 

and intellectual development occurred when Piaget shifted his emphasis to how children develop 

perceptions and skills in mathematics and science. His dialectic thought process was of accommodation 

(adapting existing structures to fit new information) and assimilation (adjusting new information to fit 

current structures) as an individual moves to keep balance (equilibration).28 

Although not as well-known as Piaget's Cognitive Developmental Theory, or Freud's 

Psychoanalytic Theory, Austrian Heinz Werner's contribution of what is known as the orthogenic principle 

more completely describes the "how" and not merely the "what" of development. Werner's Organismic 

and Comparative Theory also offers a dialectic thought process based on his orthogenic principle, that 

development occurs from a state of relative lack of differentiation, to a state of increasing differentiation 

and hierarchic integration. Werner's work directly influenced two theorists who have focused their efforts 

11 



on the intellectual development of college students, Arthur W. Chickering and William G. Perry, Jr.29 The 

study of college and graduate student development closely aligns with intellectual development within the 

profession of arms because generally the institutional purpose and goal of both groups is to develop a sense 

of individual and collective identity, foster life and career experience, while training and educating within a 

specific field. 

Chickering, a Distinguished Professor of Higher Education at the University of Memphis, 

contributed the theory that an individual develops an identity through achieving competency, finding a 

purpose, and mastering thought processes. Chickering described seven vectors of change that identify how, 

through structured educational experience, an institution or organization can foster the higher professional, 

social and cognitive processes of development.30 Perry, a Harvard University professor, studied the 

linkages between moral and intellectual development. Perry argued that intellectual development takes 

place in the building of commitment to value sets and the forms in which an individual processes 

information about the world. His fundamental belief was that, to understand how someone thinks, you 

must first get them to think. Perry's contribution to developmental theory was a scheme for evaluating the 

analytic thought structure of college age students. His stages of development centered on the self- 

prospective from the basic duality of a black and white world to one of commitment to a complex 

hierarchical value set.31 

In summary, intellectual development is the conscious, hierarchical process of confronting a 

person's previous thought structure that requires extension and redefinition of individual attitudes or 

competencies in the midst of increasing uncertainty and complexity. One fosters development through the 

creation of an abstract environment that explicitly challenges the individual's experience and provides the 

structure for thought and action. The current body of evidence on college and graduate student intellectual 

development reflects this process of synthesis and design, serving as a basis of argument in this paper and 

for further research within the military profession. 
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Components of a Thought Process: Perceptions, Patterns, and Predictions. Given the above 

understanding of intellectual development, the next step is to analyze the components of the cognitive 

thought process. The cognitive developmental approach of organizing and processing of information is 

evidenced in almost any association between a stimulus and response is a thought. This section explains 

how an individual organizes thoughts, concepts and ideas to form predictions, through perceptions and 

patterns. Psychologists, in general, attempt to understand how people learn and reason about physical 

systems. Their research describes in detail the event of human reasoning essential to understanding the 

decision making process.32 The methodologies for explanation are eclectic and interdisciplinary. 

Cognitive psychology has its origins in economics, statistics, mathematics, and philosophy. 

Developing thought from experience is inductive; that is, one experiences specific instances or cases and 

heuristics are developed to provide some generality for dealing with them. The mind receives these 

instances or cases in the form of a sensory perception. Heuristics are mental shortcuts, the linking 

mechanisms that connect the perceptions to stored memory, and form patterns. The heuristics are specific 

rules that group patterns of thought and shape our mental models." This section explains each of these 

matters in detail. 

There is an important difference between perception and conception. In its most general terms, a 

perception is an instantaneous intuitive recognition or appreciation - including the sixth sense of insight. 

Conception is the formulation of an idea, a general notion. A conception is a more time consuming 

grouping of patterns or even models within multiple perspectives. One may conclude that individuals 

develop perceptions and preferences on issues that are familiar, simple, and directly experienced.34 

Individuals develop heuristics that provide self-justifiable answers to questions posed by the perceptions. 

The strength of these internal rules comes from their development and application to the settings found in a 

simple and unchanging society with repetitive problems. As the situation becomes more complex and ill- 

defined, an individual's rules are then, untested, and perhaps untestable.35 It is then that one must rely on 

intuition and develop a conception to consider multiple perspectives simultaneously. 

One theorist whose ideas crossed many academic disciplines and focused on the conceptualization 

of complex systems was Ludwig von Bertalanffy. Bertalanffy was a Viennese professor of biology who 
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emigrated to Canada in 1949. In his book, The General Systems Theory, life was a system of self- 

organization, or developmental unfolding at progressively higher levels of differentiation and organized 

complexity (integration). But within the context of a systems approach, wholes are not reducible to 

separate parts and their developmental forms are qualitatively different from earlier forms.36 One could see 

the direct linkages to Bertalanffy's theory from both Werner's dialectic and the holistic approach of the 

Gestalt tradition (a further discussion of Gestalt theory is in the following section), but extending the 

application to an expansive systems approach to all development. 

But are all perceptions true and do they all contribute to cognitive thought and intellectual 

development? There is an expression, "Believe half of what you see and none of what you hear." We are 

told many times from our youth that our senses deceive us. One may see this as one of two possible 

processes and outcomes. One possibility is located in our ability to choose the sub-optimal (viable options, 

but not the best) answers based on our heuristics.37 A human mind may take a mental short cut to resolve 

perceptions quickly, rather than completely. As psychologist Leon Festinger's theory of cognitive 

dissonance posits, if a person's perceptions are not psychologically consistent with one another, he will 

attempt to make them consistent and reduce the psychological distress.38 

Another possibility is that, the cognitive perception triggers a pattern or heuristic within a mental 

model that differs from reality, thus creating an illusion. Illusions are simply discrepancies from the truth 

caused by our minds. Massimo Piatelli-Palmarini stated in his book, Inevitable Illnsionsl that, "Between 

rationality and our cognitive pride, we will chose the latter, and will to pay whatever the price for so doing. 

We are instinctively poor evaluators of probability and usually poor at choosing between alternative 

possibilities."39 

We become comfortable with what we perceive, creating and relying on tunnels of the mind. 

Although we rely on intuition to solve complex, ill-defined problems, many decisions made on the basis of 

intuition before knowledge may not be good. Piatelli-Palmarini's solution is that we should be conscious 

of the elementary mechanisms, many of them innate, of our thought. Reason, or rationality posed against 

irrationality, through the application of heuristics, may cause problems when dealing with uncertainty.40 

This monograph discusses uncertainty and ill-defined problems in subsequent sections. 
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If, from a mechanistic perspective, perception is the entire process of transforming a complex 

input into appropriate names, descriptions, behaviors, or other outputs, then patterns may be any 

combination of qualities or acts forming a characteristic arrangement, designed to serve as a model. These 

are the basic premises in Leonard Uhr's book Pattern Recognition, Learning, and Thought, which link the 

study of cognitive psychology to the use of computer programmed models for higher mental processes. 

Uhr, of the University of Wisconsin, explained pattern recognition and perceptual learning as the 

assignment of the appropriate output. He described his theory of learning as a "many to one mapping from 

the set of all the variant instances of the different patterns that can be identified to the set of these patterns' 

names."41 

There have been many books on the search for artificial intelligence, M. Mitchell Waldrop's 

Complexity, and Christopher G. Langston's Artificial Lifet to name two. Few focus on the development of 

the thought process computers attempt to emulate. However, a 1970 translation of Russian scientist M. 

Bongard's Pattern Recognition, details the advances of computer technology in simulating cognitive 

thought, without getting lost in technological details. Bongard posited that pattern recognition is the 

combination of all processes in the system, including the learning process.42 Think about what may be 

considered a simple mental task, such as reading this text. Several thousand computer programs have been 

written just to detect characters and formulate text. With all the advances of the past forty years, none are 

100% accurate for the varied type sets and sizes ~ and that is scanning two-dimensional typed lines. 

Pattern recognition is best explained through a discussion of Gestalt theory. Heinz Werner, 

mentioned earlier, was strongly influence by Gestalt psychology and the concept that individual's desire to 

perceive whole forms. Once an individual develops the psychological perception, the whole forms cannot 

be analyzed subsequently into component pieces. The pattern is more than the parts. A perception would 

trigger a linking heuristic and associated mental models. For example, Gestalt theory posits that humans 

have a tendency to close patterns, such as, if a figure was drawn with only dashed lines or dots, our minds 

would complete the figure into a solid shape.43 Also, if a series of electronic sensors were placed on an 

individual's joints, the messages digitized, and then played on a computer screen, the brain would "see" the 

moving dots as a person walking. What one should take away from Gestalt theory is the notion that the 
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learning process is open-ended. Our minds will make the connections, assumptions, or leaps to fill in what 

is missing. Therefore a learner should not, or cannot be sure that he has identified every implicit 

assumption.44 As evidenced in this brief discussion of perceptions and patterns, the formulation of mental 

models, specifically multiple models is a very amorphous subject.45 

Thus one may now see how an individual organizes thoughts, concepts and ideas through 

perceptions, patterns and predictions. A perception is an instantaneous stimulus, being either a recognition 

or appreciation, that fosters thought. The associated thought, or heuristic, is a linking mechanism that 

connects the perceptions to stored memory and forms patterns. Patterns simply are the combination of 

perceptions and additional heuristics that form a characteristic arrangement of qualities. Predictions, or 

mental models, are the assignment of appropriate names, descriptions, behaviors, or actions that shape our 

understanding of the world. However, the brain does not function solely in a linear fashion. Many 

heuristics, perceptions, and patterns influence the thought process simultaneously from varied perspectives. 

A conception is the grouping of patterns, predictions and models from multiple perspectives. 

Defining Mental Models: Patterns of perceptions. If perceptions and patterns lead to the formulation of 

mental models, what are mental models and how do they work? Simply defined, "Mental models are 

deeply ingrained assumptions, generalizations, or even pictures or images that influence how we 

understand the world and how we take action."46 Mental models are naturally evolving constructs that 

change with respect to the individual's experience, location, and disposition.  The application of a mental 

model explains how we decide and take action. Understanding, achieved through the use of mental 

models, increases the ability to simulate, teach, develop, and test for knowledge.47 

Although taken by some to have a negative connotation, mental models are not inherently or 

necessarily bad. One must understand which models he or she prefers, ensure the decision maker uses 

more than one model, and understand the limitations of any thought system. A skill for the individual to 

develop is the ability to recognize the patterns of thought and the dynamic complexity within 

relationships.48 Knowing the existence of a model or models is important, but understanding the second 

and third order effects of applying these models is of greater importance. With regard to understanding the 
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application of mental models on the individual level, Michael D. Williams, of the Xerox Palo Alto 

Research Center, James D. Hollan, of the Navy Personnel Research and Development Center, Albert L. 

Stevens, of Bolt Beranek and Newman noted that, as with computer code, a mental model may be 

composed of autonomous objects with an associated logic flow. They added that mental models are 

"runnable" by means of local qualitative inferences, and that they can be decomposed. Given this 

information, it would appear that a computer could replicate some linear and analytic thought processes.49 

How are mental models formed? If models are collective groupings of perceptions and patterns, 

then how are they created in our minds? In order to reason, humans form and apply mental models. The 

mind maps perceptions, linkages and patterns to satisfy the requirement for "prediction, explanation, and 

invention."50 Central to this conception of mental models is the notion of autonomous objects. An 

autonomous object is a mental object with an explicit representation of its heuristics and linkages to other 

objects, and a set of internal parameters. A mental model is a collection of "connected" autonomous 

objects that have definite boundaries. Williams, Hollan, and Stevens argued that with each autonomous 

object is a unique set of rules that modify its parameters and thus specify its behavior." As the behavior 

and new perceptions modify the mental model and its heuristics, either a new autonomous object develops, 

or the mind redefines the object boundary. Thus, similar to the theories of Piaget and Werner, mental 

models develop through increasing differentiation and integration, as well as through assimilation and 

accommodation, to achieve a greater understanding. The central argument is that the existing mental 

structure must be challenged to achieve thought and development. 

How do we use mental models? Accepting that mental models reflect beliefs about the physical 

system, a corresponding value between the parameters, and the observable states of the mental model, what 

should a model do for us? First and foremost, the mental model should have some predictive power to 

allow the person to develop inferences, gain understanding, and anticipate the behavior of a physical 

system.52 In addition, they can serve as mnemonic devices to facilitate remembering.53 However, we 

should accept that people's mental models are apt to be deficient in a number of ways, perhaps including 

contradictory, erroneous, and unnecessary concepts.54 For example, humans are not perfect due to emotion 

or bias, and lack of knowledge or incompetence, in every domain of knowledge. We should develop 
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systems that foster coherent mental models that are appropriate for the fact that each person is unique — 

design a conceptual reality for the messy, sloppy, incomplete, and indistinct structures that people really 

have.55 

If each individual forms models differently, how can we explain expertise in specific or varied 

domains? Dedre Gentner, of Bolt Beranek and Newman, and Donald Gentner, of the University of 

California, San Diego, conclude that, "the use of different analogies leads to systematic differences in the 

patterns of inferences in the target domain."56 They suggest people use analogies to help structure 

unfamiliar domains. This is what Piaget meant by assimilation and accommodation, adjusting a known 

structure to the unfamiliar or unknown situation. Gentner and Gentner posit the extensive use of analogies 

in common speech suggests that the analogies are used in thinking. However, we cannot make this leap to 

thought until it is proven that the analogy is not an idiomatic phrase, but really the results of independent 

inferential processes.57 

There are advantages and disadvantages associated with the application of mental models. 

Donald A. Norman, a professor at the University of California, San Diego, observed people interacting 

with technical devices: talking mainly of calculator usage, computers, digital watches, text editors, aircraft, 

video cameras. Within the framework of the information age and the Army's current efforts toward 

digitization, Norman's work would be of particular interest. He listed six generally negative findings. 

1. Mental models are incomplete. 
2. People's abilities to "run" their models are severely limited. 
3. Mental models are unstable: People forget the details of the system they are using, 
especially when those details (or the whole system) have not been used for some period. 
4. Mental models do not have firm boundaries: similar devices and operations get 
confused with one another. 
5. Mental models are "unscientific": People maintain "superstitious" behavior patterns 
even when they know they are unneeded because they cost little in physical effort and 
save mental effort. 
6. Mental models are parsimonious: Often people do extra physical operations rather 
than the mental planning that would allow them to avoid those actions; they are willing 
to trade-off extra physical action for reduced mental complexity. This is especially true 
where the extra actions allow one simplified rule to apply to a variety of devices, thus 
minimizing the chances for confusions.51 

Sometimes solutions to problems work and sometimes they fail. Norman's findings clearly 

identify some of the weaknesses within mental models that inspired Senge's work studying the dynamics 

of the business world.59 
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The application of mental models allows a person to develop inferences, gain understanding, and 

anticipate the behavior of a physical system. The extent to which these models predict is a function of the 

accuracy of the original perceptions, the formulation of correct patterns, and the application of the right 

model. Changes to mental models in a complex, adaptive environment lead one to see that the body of 

experiential knowledge consists of fragments of mental models previously known and used.60 Mental 

models also serve as mnemonic devices to facilitate remembering and decision making. Through the 

application of mental models, one establishes a framework that limits thought through direction and 

structure. But, that same framework facilitates thought and the ability to develop new models. The study 

of mental models and decision making by itself appears to be a theory of best action, not always of rational 

action. 

This chapter established a basis for understanding cognitive thought by defining intellectual 

development, the corresponding components of a cognitive thought process, and the creation of a 

processing scheme known as a mental model. From this concept of how an individual develops, thinks, 

and decides, the focus of the monograph shifts to narrow and qualify the thought process within the context 

of decision making by asking, how does an individual develop expertise in decision making? 

Chapter III. What is expert decision making and how does it apply to the military? 

Know what you know and know what you do not know. — George S. Patton Jr. 

In general, skill is competent excellence fostered through the course of training, experience, or 

talent.61 Given competent decision making as a desired skill for members of the military profession, how 

does one develop from a novice to a subject matter expert? The next supporting argument is intended to 

identify the essential elements of expert decision making. 

Expert Decision Making: Linkages, Assumptions, Possibilities, and Confidence. Patton's dictum for his 

subordinates, quoted above, could easily translate into this discussion on expert knowledge and decision 

making. Experts tend to have an ability to recall what they know, as well have a grasp of what they do not 

know - what information is required. One could view knowledge as a collection of beliefs with varying 
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strengths of certainty and with some affective quality.62 However, defining the continuum between a 

novice and an expert is not a matter of acquiring more information or mastering a particular skill set. In 

normal parlance, expertise develops as the amount of information stored increases within a field or domain 

and the knowledge becomes increasingly better organized.63 The emphasis of this paper is on the 

combination of information and the organization of it ~ the difference between knowing "that" versus 

knowing "how." 

In Mind Over Machine, Hubert L. and Stuart A. Dreyfus detail five possible stages of knowledge 

acquisition: novice, advanced beginner, competent, proficient, and expert (See Annex A, Glossary for a 

brief explanation of the five stages). The basic premise of their book is the existence of a gradual process 

of development, "as human beings acquire a skill through instruction and experience, they do not appear to 

leap suddenly from rule guided "knowing that" to experienced based "know how."64 Using four categories 

to delineate the individual's perspective and decision making process, Dreyfus and Dreyfus frame the 

distinctions between a detached, rule oriented novice and involved, intuitive expert. As we focus on an 

individual's ability to acquire information and being able to use it, practice becomes essential for 

developing and maintaining know-how.65 

The Dreyfus' work is relevant because of the distinction drawn between computing and thinking. 

There is more to intelligence than calculative rationality. Intelligence includes an area of thought beyond 

the conscious level. Although irrational behavior is not recommended, there may be a vast area of thought 

that could be referred to as "arational." Arational could be those "actions without conscious analytic 

decomposition and recombination."66 Experts appear to have this ability to process more abstract 

information without any apparent thought.67 These observations will become critical later during the 

discussion on the limitations of the computer or artificial intelligence. 

One may describe and define an expert simply as a person with a special skill or technical 

knowledge in a specific field. Michelene T.H. Chi and Robert Glaser, in The Nature of Expertise, tie the 

study of expertise to the rise in cognitive psychology and artificial intelligence in the nineteen-sixties that 

was also the impetus for the development of studying mental models.68 Glaser and Chi, both of the 

University of Pittsburgh, highlight and generalize on the relevant characteristics of experts. 
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1. Experts excel mainly in their own domains. 
2. Experts perceive large meaningful patterns in their domain. 
3. Experts are fast; they are faster than novices at performing the skills of their 
domain are, and they quickly solve problems with little error. 
4. Experts have superior short-term and long-term memory. 
5. Experts see and represent a problem in their domain at a deeper (more principled) 
level than novices; novices tend to represent a problem at a superficial level. 
6. Experts spend a great deal of time analyzing a problem qualitatively. 
7. Experts have strong monitoring skills.69 

If these are the general abilities of an expert, what makes an expert decision maker? Essential to 

this discussion are: the ability to develop large patterns, superior memory skills, the ability to examine 

problems at the complex level, and the practice of spending more time identifying the problem. These four 

topics deal primarily with how information may be organized. 

Andrea A. diSessa of MIT points out that the "difference between novices and experts, indeed 

between common sense and scientific reasoning,... is not so much the character or even content of [their] 

knowledge, but rather its organization. Experts have a vastly deeper and more complex priority system."70 

Whether in chess, physics or electric circuitry, the body of research demonstrates experts perceive and 

process patterns of information that represent functional units in their domains. Experts "see" systems in 

groupings, understand the linkages that hold the system in place, and do so with a great deal of confidence. 

Novices lack this ability.71 

Expert knowledge may also rest more in an elaborate semantic memory than in a general 

reasoning process. Patterns and models are coded through heuristics. Individuals demonstrate such 

knowledge and recall, not only in what may be considered the domain of expert performance, but also in a 

fundamental skill like reading. The varying degrees are whether one sees curved and straight lines, to 

letters forming words, to complete words, to complete sentences or paragraphs or pages. The expert is 

readily able to access a "complex network without any conscious representation of the search processes 

that go on in its retrieval."72 The challenge to produce an expert may not be in selecting a person who has a 

special ability, but to create and maintain the motivation needed for long-term training to master the 

skills.73 

Superior memory skills are related to the ability to perceive large patterns in a domain. Experts 

exploit long term memory to expand working memory capacity in terms of three principles of skilled 
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memory: mnemonic encoding, an advanced retrieval structure and a rapid processing system.74 Most 

research indicates that that average human being can recall or maintain up to ten independent items within 

their active memory at a given point in time. Through the principles of skilled memory, those ten items 

could be an encoded message holding a thousand other pieces of information. Skilled memory theory 

holds that, in principle, people can learn to hold virtually unlimited amounts of information in their active 

memory with sufficient practice.75 

Most of the research indicates that expert performance on "easy" problems may be attributed 

generally to memory. However, memory is a developed skill and one of the best illustrations of expert 

decision making and the power of memory is the game of chess. Herbert Simon, noted organizational 

psychologist and author, reasoned that masters level chess players spend between 10,000 to 20,000 hours 

staring at chess positions. This could equate to wargaming a battle with arrayed forces for forty hours per 

week for thirty-three weeks for ten years. Simon also went on to add that a master has committed to 

memory about 50,000 visual patterns of the chess board and pieces.76 

Memory and large patterns alone would not allow an expert to solve complex problems. Eric J. 

Johnson, of the Wharton School, University of Pennsylvania, wrote that experts in general appear to make 

more accurate decisions than do other people in environments that are characterized by uncertain 

information. Experts solve complex problems because they search for different information (focus on 

diagnostic information), with different patterns of search (active, flexible).77 Experts do not rush into 

solving the problem, they focus their initial efforts on problem identification. 

Given these general qualities of experts, what then are the problem solving techniques of experts 

versus novices?  Because of an ability to rapidly perceive a complex situation and modify mental models 

to meet varied perceptions and patterns, the expert can adapt easily and infer to the unclear situation, 

changes in rules, or whatever. The novice struggles with unclear problem presentation. "The combination 

of more abstract knowledge and greater connectivity of knowledge means the expert is able to make more 

inferences than the novice."78 Novices and experts tend to use similar problem solving strategies when 

faced with simple problems in a common domain. However, the expert's knowledge and organization 

normally permit greater agility, speed, and depth in the generation of a solution set.79 
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Experts have a distinct advantage over the novice when the routine tasks require no time for 

thought. They use their memory to aid in the decision making. "Experts use retrieval structures effectively 

because they have learned the processing demands of a task and which information is essential for 

successful performance."80 The advantage is in knowing the steps of problem identification: clearly 

identifying the difficult versus the easy, the complex versus the routine. The novice lacks the experience 

within the domain to do it.81 

How do we define military expertise and what is the importance of developing expertise in the 

military? For example: given a basic scenario on any terrain, develop and choose a course of action. The 

research showed that the influence of experience on accuracy in predicting battle outcomes was dependent 

on the inherent predictability of the scenario. Experienced officers did better on a normal mission plan; 

they were less accurate on one that was poorly executed. A number of similar findings have also occurred 

in other domains.82 Experienced officers may rely more on intuition than on analysis and may not think 

explicitly about all the chance events that might occur, either in the present or the future.83 One reason may 

be that, "The more skilled we become, the more we live in the present, recognizing that if we keep 

sensitive fingers on the pulse of current events and respond well now, the future will take care of itself."84 

The expert may also plan for the most likely outcome and be able to adapt to the unforeseen. An expert 

possesses the ability to select the optimal solution for both the current and future states, understanding that 

neither solution may be the best possible outcome in and of itself. 

One other important observation of Simon was the changing of the decision making process when 

encountering ill-defined problems. His plea was for, "a description of the choice process that recognizes 

that alternatives are not given but must be sought."85 Chi and Glaser presented a possible solution to 

Simon's request, 

As experts proceed, structure is obtained by decomposing the ill-structured problem 
into a set of well-structured problems which are then solved. To be able to do this it is asserted 
here, the expert must have a relatively larger amount of information in memory so that they can 
utilize appropriate components of knowledge to organize the problem solution.86 

For the purposes of this monograph, a well-defined problem is as follows: 

1. Goal, criterion for judging outcomes and states 
2. Initial state, starting situation, and resources 
3. Admissible operations, rules for application to transform states and resources 
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4. Constraints, on what must be done along the way, final states to be reached 
5. Outcome, a final state or solution.87 

The Military Decision Making Process (MDMP) is an attempt to make ill-defined problems into 

well-defined problems through a discrete thought process. The Military Decision Making Process is, by 

definition, "A single, established, and proven analytical process. The MDMP is an adaptation of the 

Army's analytical approach to problem solving."88 The process is time consuming but focuses on detailed 

integration, synchronization, and coordination. Experience in the decision making process develops the 

methods for asking the right questions, means of monitoring information flow, and knowledge of certain 

consequences. An ill-structured problem may just be a matter of the problem solver's ability to frame the 

situation and create a solution. The difficulty remains that all the research indicates that expertise is highly 

perishable and domain specific, and not transferable from one skill set to another.89 

Computer Assisted Decision Making.   Because experts tend to view the world in patterns or chunks, seem 

to possess both long and short term memory, and have the ability to process large amounts of information, 

computer scientists have been trying to get computers to model the same "expert system." Artificial 

intelligence seemed only years away in the nineteen-fifties. Today, the more we understand of the 

complexities of the human thought process, the further we move away from re-creating the human brain. 

Within some very specific domains, machines "that embody knowledge and apply it can approximate the 

performance of human experts. As a consequence, expert-system building has concentrated on the 

knowledge that underlies human expertise and has given less emphasis to the significance of domain- 

independent problem-solving heuristics."90 

If machines attempt to approximate human thought, how do machines learn? One could consider 

three possible types of learning when dealing with a machine: establishing a connection between the 

structure of the device and its function; making the structure-function connection more robust by making 

implicit assumptions explicit; and, storing of the results of the projection problem-solving on the intrinsic 

mechanism.91 A computer's information is generally restricted to the knowledge engineer or programmer. 

"The knowledge engineer does this (codifying knowledge to emulate human inferential reasoning) by 

reducing the expert's wisdom to a series of interconnected generalized rules called the "knowledge base." 
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A separate computer program called the inferential engine is used to search the knowledge base and draw 

judgments."92 However advanced the computers thought may be, it will always be guided by rules or 

algorithms, and therefore not able to develop. Even cyberspace maverick Kevin Kelly, in his book Out of 

Control, admits that evolving, learning machines are not in our immediate future, citing the history of 

evolution in millions and billions of years.93 

Therefore, if a human-machine is not on the foreseeable horizon, a comparison of the strengths 

and weaknesses of humans, computers, and the human-computer interaction may be important at this time. 

For example we can take a simplistic view. Computers do not get tired and human beings can act on 

intuition.94 But let us focus on the key elements of what was presented thus far. First with respect to 

pattern recognition. "Pattern-matching is the key to comprehending speech, finding tanks camouflaged 

beneath a tree, or spotting flaws in manufactured products. Conventional computers, no matter how 

powerful, cannot equal that ability."95 Second, we can examine a comparison in terms of organization and 

ill-defined problems. A computer is more precise and predicable, but precision and predictability are not 

what human intelligence is about. "Our intuitive expertise, irreducible to rules, casts the weight on the side 

of the human mind."96 To put this problem another way: Intuitive human heuristics can be exceptions to 

the rules. Moreover, there is not just one exception to each rule, but several, and all the rules for dealing 

with the exceptions have more exceptions.97  "Specifically, if an expert system attempts to mimic a human 

expert, it may fail to exploit much of the information available in the task."98 Third, computers are reliant 

upon programmers who cannot codify most of the human experience. A programmer develops codes that 

enable the computers to play tic-tac-toe, or checkers or chess because the games have distinct rules and 

definitive strategies. However, "the most important observations and turns of skill in all sorts of trades and 

professions are as yet unwritten. This fact is proved by experience when, passing from theory to practice, 

we desire to accomplish something. Of course, we can also write up this practice, since it is at bottom just 

another theory more complex and particular." " 

Expert systems modeling suffers because the knowledge of any given human may not fit readily 

into any particular structure. Cognitive structures differ from one individual to another. Moreover, 

important knowledge may be "lost in the translation" as qualitative perceptions of uncertainty, value, etc. 
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are forced into the numerical form of probabilities or utilities.100 Based on this discussion we should 

incorporate the strengths of both humans and computers, but with the human mind as the decision maker 

and the computer as the decision aid. 

"With 2000 years of examples behind us we have no excuse when fighting for not fighting well." 
— TE Lawrence 

Military Decision Making.   Our nation expects a great deal from her military, just as all proud states do. 

She demands that the military not make the mistakes of the last war. A state anticipates that armed forces 

assimilate the lessons from as many experiences as possible so as not to repeat the mistakes of others. It 

also expects the military to accommodate change by developing new procedures to address new problems. 

Given the rapidly changing world we live in today, as Simon said, we need a description of the choice 

process that recognizes that alternatives are not given but must be sought in order to deal with the 

complexities of ill-defined problems. As the Prussian philosopher wrote, "War is the province of 

uncertainty: three-fourths of those things upon which action in war must be calculated, are hidden more or 

less in the clouds of greater uncertainty."101 What do we really need to make a decision, if what Clausewitz 

said is still valid? 

As the military acquires increasingly sophisticated information processing technologies while 

conducting ever more complex and diverse missions of national security, there is a growing internal debate 

over the intellectual basis of the command and control (C2) process. Attached in Annex B, Decision 

Making Paradigms, are just a sampling of the myriad of models and paradigms involved in the C2 process. 

As Israel Mayk and Izhak Rubin have presented, there is no commonly understood vocabulary or 

framework for "analyzing, designing, or evaluating command and control systems."102 However, each 

system, model or paradigm, may be reduced to the following: "(1) a mission is articulated, (2) plans are 

drawn and (3) operations orders are issued for execution."1W The final diagram of Annex B is the author's 

depiction of the aggregate of command and control systems merged with decision making theory. This 

paradigm takes into account indecision, inexperience, and uncertainty in a time constrained environment. 

David Noble, principal investigator in the Office of Naval Research program in distributed tactical 

decision making, and Ronald Mullen, senior systems engineer at Science Applications International 

26 



Corporation, examined initiative oriented warfighting skills and the tenets of AirLand Battle. As one 

would expect, they concluded logically that centralized planning and decentralized execution truly depends 

on the initiative of subordinates to make independent decisions. Distributed Decision Making is built upon 

a common understanding of all decision makers of the commander's intent, a common plan and goal, that 

specifies of what each individual should do in various "standard" situations. The important revelation is 

that the decision maker should focus on three layers: a feature recognition layer, a feature evaluation and 

combination layer, and an action and inference layer.104 

It may be a rational assumption that if uncertainty is fundamental in warfare, then the more 

information decision makers receive, the more uncertainty may decrease. However, as time increases, the 

uncertainty will normally approach some minimum value and the cost of gaining any additional 

information is very high.105 Often, the hands of fate close this window of opportunity before the 

uncertainty reaches an acceptable level for the decision maker. At the decision making level, we must 

remember that we are dealing with an intelligent adversary and consider his possible reactions to our 

strategies.106 

Gary A. Klein, President of Klein Associates, studying ways to elicit knowledge and applying 

these data for training, decision support systems, and expert systems suggested a recognition-primed 

decision (RPD) model of naturalistic decision making. "More than one strategy exists for making 

decisions. There are times when analytical approaches are best and other times when they are just not 

appropriate, and recognitional approaches are needed."107 If a decision maker has the advantages of time 

and information, an analytical approach works best. If time is critical and the situation is ill-defined, a 

recognitional approach may achieve better results. 

Klein's research studied fire ground commanders (fire station leaders and fire truck team chiefs) 

who averaged twenty-three years experience. Given the inherent dangers of fire fighting, the selfless 

nature of saving other human beings, and the level of responsibility of the subjects, Klein's research 

presents a cogent argument for military decision making. He tested a possible 156 decision points using 

the interview technique to examine reactions to both critical and nonroutine incidents. No commander 

selected a predefined option in any of the scenarios. Specifically, within the nonroutine incidents, only 
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twenty percent reported any attempt to deliberate between options. Instead commanders relied on their 

experience to recognize an incident as familiar, carrying with it a typical way of reacting. "They told us 

that they rarely made decisions, which really meant that they rarely deliberated between options. There 

was not the time or the need. The vast majority of their decisions were made in less than one minute.",08 

Klein concluded that, "The decision making process begins with a pattern recognition. The 

decision maker uses all of the experience gleaned from years of practice to view an event as typical in 

some way that resembles a judgment of prototypicality."109 Other studies have shown that the analytical 

decision making process and strategy is not effective when there is less than one minute to respond.110 

If our expected decision making process may last less than one minute, how should a leader 

develop enemy courses of action? When probable enemy course of action or intent is to be assessed, three 

kinds of knowledge and reasoning can be brought to bear: causal, diagnostic, and projecting the enemy 

decision process.111 A rapid decision making process requires the analysis of complex situations and the 

planning, initiation, and control of subsequent responses. All leaders conduct these activities within a time 

constrained environment. "The amount of information handled by decision makers is often very large and, 

in order to maintain performance above a certain level, organizations use decision support systems to help 

them accomplish their mission."112 

The history of command in warfare consists essentially of an endless quest for certainty - 
certainty about the state and intentions of the enemy's forces; certainty about the manifold factors that 
together constitute the environment in which the war is fought, from the weather and the terrain to 
radioactivity and the presence of chemical warfare agents; and, last but definitely not least, certainty about 
the state, intentions, and activities of one's own forces. — Martin van Creveld, Command in War 

Indecision: Paralysis by Analysis. The truth in van Creveld's assertion is that some, not all, commanders 

seek certainty. Commanders who operate in the realm of expert decision making, do so not due to the 

certainty of all possible data, but through the development of pattern recognition and the confidence in 

their intuition. For those who do not demonstrate expert decision making skills, there may be a danger that 

the sheer wealth of information collection and processing devices to gain certainty will overwhelm analysts 

and intelligence systems with data. If the analysts fail to analyze, synthesis is not likely to occur and useful 

information will not be available for the decision maker. This would then add to the complexity and 
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uncertainty that are already characteristic of military operations. "This can have two negative effects. One 

is that the decision makers will be facing and treating even more uncertainty in their decision support 

information base without the appropriate tools for treating it. The other effect, which may be even more 

serious, is that decision makers may not face the additional uncertainty, either because they are unaware or 

because they simply choose to ignore it."113 

It may appear that the US military remains in an industrial age paradigm. In this sense control is 

emphasized over command. In the decentralized simultaneity of information age operations, control may 

actual inhibit command and initiative. A possibility appears to be for the US military to shift its paradigm 

from one of command and control to one of command or control.'14 "The seductiveness of information 

technology stimulates military organization orientation towards greater centralized control and more rigid 

hierarchical organizations instead of the desired orientation of decentralized control and more flexible 

organizations."115  Digitized systems can store and transmit data, but human minds develop knowledge and 

understanding. The solution is not to forsake command or control, but to improve our ability to execute 

both. 

Digitized systems will assist the leader in making a decision, but will not make the decision for the 

military commander. Fortunately or unfortunately, advances in decision making technology have not 

progressed as rapidly as information-gathering technologies. "Technology is making more and more 

information available, but the commander's ability to process and act on that information is still limited to 

how much the commander's brain can comprehend."116 It is impossible for one man to know everything. 

The larger and more complex the forces he commands, the more true this becomes.117 

There appears to be an element of the decision making process that some authors omit; the non- 

decision or no decision. Refusal, delay, or inattention are decisions not to decide. Refusal is the choice for 

the status quo, deny all possible offered alternatives and do nothing. A delay could be for any number of 

potential reasons: inspecting further alternatives; acquiring more data; evaluating all possible alternatives 

and outcomes; or just waiting for your answer that is currently unavailable. Inattention borders on 

incompetence, but it could be either allowing someone else decide or a failure to perceive an occasion for 

choice.118 
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Time is an essential element within the context of military decision making and the phenomenon 

of indecision. There exists an optimal time to make a decision based on information available and the 

ability of an individual to decide. The time is optimal either because obtaining additional information is 

impractical or impossible. Colloquially, some members of the military may refer to this time as "the good 

idea cutoff point." This is a point in time when a decision must be made and action taken regardless of the 

arrival of new information. Sometimes this cutoff point causes a decision not to be made. In the beginning 

of the decision making process a cutoff point may be made to deal with ambiguity and define the problem 

or situation. In the middle stages of the cycle a cutoff point may be made to deal with uncertainty in the 

context. In the final stages of the decision making process a cutoff point may be made to deal with 

unacceptability, minimum criteria for success."9 

Expert decision making is a desired skill for members of the military profession. Decision makers 

develop from novice to expert ability through disciplined mental training designed to improve memory, 

focus on problem identification, and examine complex situations. Machines are more than able to 

approximate competent human decision making. However, computers lack intuition to solve ill-defined 

problems that lack rules or predictability. The realm of military decision making lies primarily in the 

uncertain, the ill-defined, and the unpredictable realities of human interaction. Given these arguments, the 

next element in assessing whether the users of information technology systems will develop the situational 

understanding and visualization to enhance the battlefield decision making capabilities is to identify the 

requisite skills for military decision makers. 

Chapter IV. What Skills Do Military Leaders Need to Achieve Battle Command in Force XXI? 

Our military leadership expects Force XXI warfare to involve operations conducted in a complex, 

rapidly changing, and ill-defined environment.  This future environment will require military commanders 

to execute simultaneous, integrated, and distributed operations. Force XXI warfare will be fought with 

weapons systems of greater lethality, which will demand correspondingly greater dispersion, and produce 

unprecedented volumes of fire. Integrated information age technologies will increase individual and 

organizational efficiency and effectiveness. Advances in technology will improve strategic, operational, 
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and tactical mobility, supportability, and flexibility. Technology will greatly enhance the ability to 

identify, engage and destroy hostile forces successfully.120 

The choppers and the spy plane, flown by U.S. Navy aviators, tried to steer the convoy clear of 
Somalian gunfire, dodging the soldiers left and right on the labyrinthine streets. It was like negotiating a 
maze. But the Orion pilots were handicapped. They were not allowed to communicate directly with the 
convoy. Their orders were to relay all communications to the Joint Operations Center (JOC) back at the 
beach. So when the Orion pilots said, "Turn left," that message went first to the JOC and then to the 
convoy. The pilots watched with frustration as the convoy drove past the place they had directed it to turn, 
then, getting the delayed message, turned left down the wrong street. 

There was another problem. Watching on screens, the commanders weren't hearing the pop of 
bullets and feeling the bone-rattling, lung-sucking blast of grenades. The convoy's progress seemed 
orderly. The video images weren 't conveying how desperate the situation was. 

— "Blackhawk Down, Chapter 12," 27 November1997, The Philadelphia Inquirer 

The situation in Somalia demonstrated that exercising battle command in an ill-defined 

environment entailed more than issuing orders and required more than knowing the locations of units. As 

this monograph focused on the complexities of thought and decision making, one could expand the 

TRADOC definition of battle command to comprehend the cognitive process of military decision making 

and overseeing the execution of assigned missions. Battle command remains the act of achieving 

situational understanding, visualizing the future state, formulating the best possible plan, and directing its 

execution. Thus, the final step in assessing whether the users of information technology systems will 

develop the requisite situational understanding and visualization to enhance the battlefield decision making 

capabilities is to identify the skill sets that a leader should develop to exercise battle command in Force 

XXI. 

Given the theoretical construct of the intellectual thought process, an acceptance that skill is the 

development of expert ability, and an understanding that expertise is the mastery of a skill set within a 

specific domain, one can then describe the necessary skill set for leaders of Force XXI operations. Not to 

trivialize or oversimplify the process, but one may see this as a hierarchical progression from the mastery 

of abilities linked to the development of skills and then to the creation of a complex skill set. There exist 

specific innate and developed abilities that are essential components of the desired intellectual skill. That is 

not to imply that the supporting abilities that contribute to the development of one skill are mutually 

exclusive from the development of other skills. Similarly, there is not an independent, linear relationship 

between a specific skill and the development of a skill set. The integrated linkages between the skills and 
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the creation of a complex mental skill set occur on multiple levels through disciplined practice and 

experience. 

The abilities required to develop the skills for Force XXI operations are the capacity to perceive, 

learn, synthesize, and decide. A leader may develop a level of competency within his or her abilities, 

innate or learned, through practice and experience in coping with different situations, problems, or 

activities. The capacity to perceive requires the use of an individual's physical senses, but also the 

heuristics to discern the essential elements of a situation and apply an optimal pattern of thought to the 

given stimuli. Perceptions of individual engaged in activities of social interaction involve an appreciation 

for the human element of problem in terms of psychology and physiology. One has the ability to learn 

through assimilating and accommodating new thought patterns and mental models. An individual develops 

the ability to synthesize through analyzing the component elements, understanding the functions between 

each element, and appreciating the entirety of a complex system. The ability to decide is a function of 

applying the mental models, heuristics, and organizational hierarchy of judgment and intuition that lead to 

understanding. Given understanding and a will to act, then a leader truly has the ability to decide. 

Even as an individual develops a sense of subject matter or activity competency, something is 

missing. The ability to think deductively and analytically is important, but these abilities are not the final 

extent of human thought or development. A concept of proficient thought is the capability to intuitively 

respond to patterns of perceptions and models without first identifying each component, a sense of 

association or anticipation, is a skill. Although a leader will still think analytically, proficient decision 

making is demonstrated when he or she has the skill to experience a problem or task from multiple 

perspectives simultaneously and order each based on reflective judgment. Simply, once an individual 

masters a specific combination of abilities, he or she then demonstrates proficiency of a certain skill. 

The conditions of Force XXI operations require decision makers to develop the following nine 

intellectual skills. First, a leader must have the mental agility and depth of thought to visualize and 

anticipate new patterns, heuristics, mental models in order to develop a more complete understanding of 

the relationship between opposing and friendly forces, the environment, and time. Second, a leader must 

have the versatility of thought and imagination to maximize the advances in the area of information 
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technologies. Individuals must be able to recognize and change their existing fears and unrealistic 

expectations of technology, while understanding the capabilities that result from integrating technology 

with human judgment. Third, through information technologies and a sense of understanding, a leader 

must possess the mental acuity, creativity, and vision to develop and implement a sound decision. 

As this monograph discussed, individuals tend to group perceptions, thoughts, or concepts into 

patterns. Mnemonic devices aid memory either through triggering a heuristic or assisting in recall of larger 

patterns through a system known as a mental model. What appears at first to be a catchy slogan, such as 

"Be All You Can Be" or "Be, Know, Do" may have a more developed meaning than the words initially 

indicate. These phrases become a recruiting mantra or a leadership vision for the Army. Memory devices, 

such as acronyms, train the mind to think or enable a complex thought to be understood and recalled. The 

skills listed in the previous paragraph were specifically grouped into three skill sets. For the purpose of 

this monograph, these three complex skill sets fall under the categorical slogans of achieving situational 

understanding, cybernetic mastery, and developing electronic coup d'oeil. 

Situational Understanding. Situational understanding is the intuitive grasp of the entire battlefield. It is 

the simultaneous comprehension of all aspects, effects, and linkages, from knowing the morale and 

disposition of your soldiers, to the tactics and objective of the enemy, to the capabilities and effects of 

every weapon system. A competent leader may achieve situational awareness through a hierarchical 

analysis from a chosen perspective. This system may assist in problem solving, but not problem 

identification and understanding battlefield relationships. A proficient leader is deeply involved in gaining 

situational understanding, intuitively responding to patterns but still thinking analytically about what to do. 

However, an expert arrives rapidly at situational understanding through the application of experience and 

intuition from multiple perspectives. An expert understands the problem, identifies the constants and the 

variables, and determines the relationships between each. This section defines situational understanding 

and then addresses the necessary patterns involved in achieving situational understanding in terms of time, 

effects, intents, and functional relationships. 
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Situational understanding is "the knowledge of physical forces on the battlefield in relation to the 

nature, scope, and tempo of the operation. It includes the ability to identify patterns and relationships, to 

understand the critical points in time and space, and to recognize opportunities for decisive action."121 

Leaders "must assimilate thousands of bits of information to visualize the battlefield, assess the situation, 

and direct the military action required to achieve victory. These simultaneous characteristics of thinking 

and acting are those of expert decision making. 

Given this complex mental process of achieving situational understanding, does the same 

information need to move through all levels of command to achieve situational understanding? Expertise 

is a function of knowing the right time to ask the right question. Is the answer always a "situationally 

dependent" default, or are there enough identifiable patterns to make rules and teach processes different 

from current ones, many of which were invented during the early part of this century and have served us all 

well in organizing information and problem solving?122 One could dismiss the notion of a possible 

solution set, in that each individual develops a different thought process or certain lower level leaders could 

not have the experience to develop situational understanding. However, the body of educational research 

would indicate that a disciplined program of education in college or professional graduate schools develops 

a system of thought that lasts a lifetime. 

The essential element of situational understanding is time. Primarily, the decision maker must 

realize and assess the need for a decision before the optimal point or the opportunity to decide passes. 

Given that a leader develops a decision based on information and assumptions from a specific situation and 

set of conditions, there exists a finite time before that situation and those conditions change and the 

decision may not be valid, logical, or feasible. Deciding and acting before the situation or conditions 

change requires the application of creative thought and the ability to exercise initiative. But temporal 

concerns also include anticipating the time required to move a task force over broken ground at night, the 

time to shift artillery fire given their battalion's training, or the time one has before the morale of a unit 

fails. Understanding these variables will influence recognition of the possible decisions and the optimal 

decision point in time. 
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The practice of command in battle has always been more art than science, demanding the 

creativity and initiative of expert decision makers. Initiative, like courage, may have two components -- 

physical and intellectual. The intellectual component of initiative may be the development of a battle 

rhythm between the commander and the staff. Battle rhythm is particularly linked to the intellectual 

initiative as it forces planning and decisions under uncertainty using predictive intelligence. As 

demonstrated with the discussion of Colonel Boyd's OODA Loop, these timely decisions allow for 

proactive rather than reactive combat. "The result is the aggressive execution of flexible plans and a 

confused enemy whose next step has been anticipated and disrupted."123 

A leader of character will have strong leadership skills that include both the intellectual and 

human components.124 General Franks commented that during Operation Desert Storm his thoughts were 

on deciding to decide, which is a quality of expert decision making ability.125 General Franks, noting the 

time, distance, and planning factors that go into executing a decision realized that as a senior commander, 

you really only get to make a few key decisions in the course of a battle or even a campaign. Therefore, a 

leader must anticipate when those decisions will happen, and not worry about decisions that should be 

made by subordinates.126 

An expert decision maker understands the effects and relationships of all factors on the battlefield. 

For example, a part of situational understanding is visualizing a covered and concealed route through a 

map reconnaissance, mentally creating the line of sight intervisibility lines. It is also seeing how that same 

terrain and those same routes may constrict movement, breakup an attack, limit the application of 

firepower, or be the enemy's most likely line of defense or attack. Through structured study, practice, and 

experience, an expert intuitively recognizes the patterns of information and may then inductively determine 

the relationships and effects of an unknown future state. 

Achieving situational understanding in the information age includes appreciating function and 

intent. Comprehending function and intent may be viewed as a combination of analysis and synthesis. 

One must understand the individual elements and the relationships between elements to grasp the concept 

of function. However, full understanding entails more than a mastery of the primary relationships. 

Leaders must be cognizant of the second and third order consequences of ill-defined problems to 
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appreciate the complexities of function and intent. The ability to understand intent includes exercising 

sound judgment that recognizes the underlying assumptions behind decisions and the knowledge to 

identify quickly essential elements of information. 

Understanding function and intent represent deep, versatile and agile thought developed through 

creative, repetitious and disciplined educational experiences. A leader develops an expert sense of 

situational understanding through a continuous mental struggle, breaking old mental models and 

developing new ones. Technology may assist in presenting many different opportunities to think, but 

cannot replace the mental effort of thought. Situational understanding develops more effectively and 

completely through a mentored dialogue, or the Socratic Method, where the emphasis is on the process of 

thought, not the contents of the thoughts themselves. 

Cybernetic Mastery: The Human - Electronic Interface. Decision makers must develop the skill to take 

advantage of Force XXI technologies to first achieve, then optimize, their situational understanding in 

order to exercise battle command. The ability to recognize and change existing fears and expectations 

through versatile thought maximizes the advances in the area of information technologies. Military 

decision makers must possess the mental agility to link the information horizontally and vertically into 

meaningful patterns and functions. Individuals must understand the capabilities of technology and 

integrate that concept with human judgment. An ability of expert decision makers is knowing what you do 

not know and directing your efforts to determine the information requirements to identify and solve ill- 

defined problems. Digitization and automation are only effective tools when they either free the decision 

maker from routine tasks or allow the individual to focus on an essential decision. As such, this section 

first addresses cybernetics as primarily the study of the human-machine interface, then as the application of 

information age technologies within the function of decision making. 

With the emphasis on information age technologies, our lexicon developed many new words 

using "cyber" as a prefix. For example, Dr. James J. Schneider, Professor of Military Theory at the United 

States Army School of Advanced Military Studies, discussed a concept of cybershock or cybernetic 

paralysis. In his presentation, cybershock means achieving the disruption or destruction of a military's 
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complex nervous system, it ability to command, control, and function as a collective fighting entity.127 

However, for the purpose of this monograph, cybernetics specifically entails only the human control 

functions that information age systems are designed to augment or replace.128 Cybernetic mastery means 

developing the skill set necessary in Force XXI operations to achieve expert performance in the functions 

of control. 

War is inherently irrational, complex and uncertain - and all military decisions are made in this 

environment. Wars are not rational or logical because of the affective moral domain of human beings.129 

Wars may be fought with different or opposing intentions or purposes which, if not understood, could lead 

to poor decision making.130 Irrelevant and inaccurate data can also increase the fog of war and further 

complicate the decision making process. From Alexander the Great to Napoleon, great military leaders 

would not hesitate to consult anyone who possessed expert knowledge if it would reduce the uncertainty of 

battle.131 Van Creveld called such insight a directed telescope and noted that commanders and staff could 

leverage technology to rapidly receive accurate information and direct subordinates to act.132 

Digitization of the battlefield and achieving information dominance are the main components for 

directed telescope of Force XXI. However, as Martin van Creveld said in the opening of Command in 

War, "The functions of command are eternal, but the means of command are constantly subject to 

evolution (organizations, procedures, and technical means."133 Although "the information processing 

capacity of computers in command centers has grown exponentially, the perceived processing load has 

grown by a larger exponent."134 Decision makers at all levels must remain cognizant that too much 

information may also provide for a military failure. The ability to conceptualize and communicate 

knowledge and understanding is essential to battle command. No single technological leap will answer all 

the complexities and uncertainties of command. The relevance of cybernetic mastery lies in the functional 

integration of digital technology and human ideas, emotions and will into expert decision making 

throughout the planning, preparation, and execution processes. 
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Electronic Coup D 'oeil. Through information technologies and a sense of understanding, a leader must 

possess the mental acuity, creativity, and depth of thought to envision rapidly not only the entire 

environment, but also a develop and implement a sound decision. Throughout the centuries of conflict, 

many men understood the importance of knowledge in the exercise of military decision making. Perhaps 

the most recognizable bullet quotation attributed to Sun Tzu relates to the leader's responsibility to, "Know 

the enemy and know yourself."135 Obvious to this end is a grasp of the composition, disposition and 

relationship of friendly and enemy forces. Sun Tzu's definition of "know" expands to also include a 

complete understanding of the effects of terrain, the tactical and strategic doctrine, when and where to 

fight, security, and nature of fighting deep. It would logically follow that if knowledge is the key to 

victory, then denying the enemy that ability, or deception, would be the basis for all military actions.136 The 

leader must think, but to think one must first know. 

In his classic treatise On War, Carl von Clausewitz intended to write on the development of 

understanding and preparedness of the military mind.137 Although he systematically presented his theories 

and the titles or topic sentences may appear to be axioms, principles, or "bumper stickers," his book was 

about developing thought and a thought process.138 This process of training and education admits great 

leaders may be bom, but more importantly can be made. 

Baron Antoine Jomini's Art of War_discussed the importance of tactics, terrain, logistics, 

combined arms, courage, policy, and strategy.139 However, Jomini's lasting contribution is not that the 

general should have a systematic technical knowledge, but rather the ability to know when to do what first. 

That recognized ability and insight of the great captains, coup d'oeil,uo as Frederick wrote, was of the 

tactical thought process, not an application of approved solutions.141 Clausewitz expanded the concept of 

coup d'oeil as the genius to deal with the uncertainties of war and the strategic inward eye.142 

Jomini held that, "The greatest talent of a general and surest hope of success lie in some degree in 

the good choice of these points."143 For generations, military leaders determined decisive points, dealt with 

the fog and friction of battle, and knew the limitations of war through their direct presence on the 

battlefield and the aggregate intelligence gathered from all available sources. 
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As the physical scope of war increased in terms of mass armies and dispersion, commanders could 

no longer see the entire battlefield and developed alternate means to gain the requisite information to make 

a decision. Martin van Creveld, in Command in War, describes the efforts of Marshal Berthier and 

Napoleon's General Staff, as a directed telescope, which the commander could use at will to gain 

information on his own units, the enemy, or the terrain tailored to meet his momentary and specific 

needs.144 During the past two centuries, military leaders employed various technological advances to assist 

in the command of forces. For example decision makers used the telegraph, radio, helicopter, computer, 

and satellite to achieve situational understanding. 

If the helicopter tended to exaggerate two of the fundamental traits of the American national 

character, impatience and aggressiveness,145 what does it say about computer driven information 

technologies? "Designed to produce accuracy and certainty, the pressure exercised from the top for more 

and more quantitative information ended up by producing inaccuracy and uncertainty."146 Computer 

generated decisions require that programmers anticipate all possible contingencies and rules for responses. 

Therefore, a computer alone operates in the realm of a competent decision maker, albeit a very fast, 

accurate and highly defined level of competency. However, the computer cannot replicate and thus forfeits 

the human expert's intuition. In a crisis or in combat, competence has never been good enough.147 

Expert decision makers may now employ the technologies of Force XXI to develop a sense of 

electronic coup d'oeil. Cybernetic mastery will assist in expert decision making by expanding stored 

memory, automating routine reports or tasks, or increasing the speed at which information travels. 

However, the uncertainties and complexities of warfare ensure that expert military decision making 

remains an intensely human activity of assumptions, judgments, and risks. Electronic coup d'oeil may 

appear as a slogan, but is meant to represent a radically faster battle command skill. Decision makers 

develop this skill set through the abilities and skills necessary to visualize and understand the entire area of 

operations, all the involved forces, and ever interrelated functions of the system. Electronic coup d'oeil is 

thus the complex skill set that integrates the concepts of knowing yourself, your enemy, and the effects of 

terrain with the advantages of information age technologies into an instantaneous and complete 

visualization of an event from multiple perspectives. Napoleon developed a sense of coup d'oeil, the 
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ability to visualize the entire battle in an instant, through intuitive study, practice, and experience. 

Situational understanding and cybernetic mastery will only improve decision making skills if the decision 

maker can recognize patterns, understand system linkages and functions, and appreciate the effects of time. 

Force XXI leaders must develop a sense of electronic coup d'oeil to develop into expert decision makers in 

the information age. 

The premise of Colonel Boyd's OODA Loop, and maneuver warfare theorists in general, is the 

ability to make and communicate decisions faster than the enemy is the primary means to create an 

environment in which the enemy cannot fight effectively. Currently, a "commander and staff may have 

seven hours or more to develop and communicate a deliberate plan before the enemy seizes the initiative, a 

future equivalent situation may allow less than 1 hour before facing an even graver event."148  If Klein's 

argument for a leader's reliance on intuitive decision making remains true, there will be even less 

analytical decision making in future situations. Leaders may have access to more relevant information than 

ever before, but time is the limiting factor in future decision making. Decision makers must develop a 

sense of electronic coup d'oeil, the mental acuity to quickly achieve complete situational understanding for 

the purposes of battle command, through the repetitious use of information age technologies. Electronic 

coup d'oeil is the skill set of intellectual abilities to identify and solve problems as experts intuitively, not 

deductively, by recognizing the situation on the basis of experience and not science. 

The conditions of Force XXI operations require leaders to possess the skill sets of situational 

understanding, cybernetic mastery, and electronic coup d'oeil. The supporting skills of mental acuity and 

agility, depth and versatility of thought, visualization, anticipation, imagination, creativity, and expert 

decision making are the essential to the development of these skill sets. Developing proficiency and 

expertise requires disciplined, structured experiences and the long-term commitment of the leaders as 

students and as teachers. 

Chapter V. Recommendations 

Science and history are opposing factors in the problem of the future means and methods of war. 
Anyone who seeks to solve the problem thoughtfully, instead of sensationally, soon feels their contradictory 
pull upon his mind. — BH Liddell Hart 
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Given this discussion of the individual intellectual thought process, learning and development 

theory, expert decision making and the skills required users of the information technology systems, one 

may conclude that leaders will develop the situational understanding and visualization to enhance 

battlefield decision making capabilities in Force XXI mechanized battalions and brigades. However, the 

depth and extent of this affirmative answer lies within the context of a discussion on military education and 

training. The military education system should develop the abilities, skills, and skill sets that instill a 

thought process. Depth, and versatility of thought and mental acuity and agility arrive from a program that 

emphasizes inductive reasoning, creative thought, and complex problem solving. The military training 

system may develop expertise, initiative, and speed in decision making. Anticipation, imagination, agility 

and speed of thought mature though repetitious, realistic training across the entire spectrum of conflict. 

Education and training together develop the necessary skills and skill sets for Force XXI leaders. 

Education. As the above quote from B.H. Liddell Hart implies, this is not an easy problem to solve and 

will require a great deal of forethought and planning. Higher level, professional education entails 

imparting instruction that facilitates student mastery of domain specific knowledge and abilities, but also 

the foundation, direction, and skills to solve complex, ill-defined problems.149 With respect to both 

learning and intellectual development, however, the evidence is convincing that certain kinds of students 

benefit more from certain kinds of instructional approaches than they do from others. These advantages 

are especially apparent with instructional approaches that rely on small, modularized content units, require 

a student to master one instructional unit before proceeding to the next, and elicit active student 

involvement in the learning process.150 The Army wide movement to small group instruction for most all 

centralized educational programs in the past decade reflects this observation. The United States Army has 

a multi-disciplined, career long developmental system that is combination of military schooling and 

individual development programs that include both formal and informal mentorship. 

The Army affected a series of changes in its military school system instructional philosophy over 

the past decade that includes smaller classes, discussions, and video and computer based instruction. The 

body of evidence also demonstrates substantial advantages over traditional teaching formats have been 
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shown to be associated with a variety of individualized approaches, particularly the personalized system of 

instruction. The Keller Plan, which involves (among other things) having more-advanced students assume 

helping roles when other students have difficulties with course material, is embedded in the military ethos 

from basic training.151 The movement away from academic competition to cooperation enhances soldiers 

teaching soldiers, which then leads to development programs within staffs, squads, and other small units. 

Educational research also indicates that instruction stressing inductive learning based on concrete 

activities appears with some consistency to promote gains in abstract reasoning and cognitive 

complexity.152  Inductive reasoning is a logical process in which an individual reaches a conclusion that 

contains more information than the observation or experience on which it is based, what may be considered 

"outside the box thinking." Inductive reasoning is a critical skill that facilitates visualization, anticipation, 

and imagination. Deductive thought skills are important and necessary within a complex organization. 

However deductive skills focus solely on the facts and premises within the problem set. If the military is 

truly to develop proficient or expert initiative oriented thinkers, the learning model practiced within the 

formalized school system at all levels beyond the basic should change from deductive based thinking to the 

inductive based. 

Remote and distance learning may be more cost effective, but is not as educationally effective as 

other techniques. The Armor and Military Intelligence Schools developed digitized support packages and 

offer extensive on-line support for training programs. General Montgomery C. Meigs, former commander 

of Combined Arms Center, developed the concept of the "University After Next," complete with a virtual 

library and automated resources.153 The question for the military is what is good enough? Visual-based 

Instruction (VI) consists of mainly films, slides tapes, and other video technology. Although favored by 

the students over conventional instruction, VI does not help attitude toward the subject matter material. 

The unsupervised execution of computer exercise will not achieve cybernetic mastery because there is no 

critical evaluation of and challenge to a thought process. Visual-based Instruction also shows no 

significant increase in academic performance over conventional methods.154 

If the educational intent is to share information and expand the available resource base, we should 

continue to develop computer assisted learning programs. However, if the goal is to develop initiative and 
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creative thought, we need to develop a more inter-active, thought provoking exchange. Examples include 

an electronic chat room or web-based bulletin board that offers free, but mentored dialogue. With respect 

to the quantitative advantages of computer generated information, one should not confuse the mental 

activity of creativity with the commodity oriented concept of productivity. 

An option for improving the education process to meet the challenges of a Force XXI 

environment is to invest in the development of the facilitators. There are many dedicated, developed, and 

disciplined instructors in the school system. But there are also instructors at the service schools who are 

weak in terms of quality and expertise as teachers, and in some cases as military professionals.155 As a 

simple consequence of motivation, if the members of the profession view an instructor position as 

meaningful and reward excellent performance, more members will pursue positions in the school system. 

If the Army chooses instructors from a centralized board process and develops each one through advanced 

civil schooling, the quality of instructors will increase. As the quality of facilitators increases, the 

military's attitude towards education should also improve. Understandably, the cost of upgrading the 

faculty is significant. However as the military prepares for the requirements of Force XXI, the institution 

cannot afford to focus on filling minds with information without developing a proper compass to use that 

information.156 

Most military schools use small group instruction and the adult learning model. Each school has a 

unique blend of senior and junior military officers as well as civilian professors who compose the faculty. 

However, because of a lack of instructor knowledge and ability in the art of teaching, many classes still 

focus on the procedural matters and rely heavily on the lecture format. Some instructors rely on view- 

graphs and discussions of historical examples and do not focus on the learning process or objectives. 

Instructors use these techniques not because of curriculum design, but rather because they rely on what 

they know. Faculty should develop expertise by doing, through practice - truly develop the skills required 

of a military artist. 

Creativity and critical thought require a directed effort and time to develop. John Adair's work, 

Training for Decisions, addressed the dimensions of developing creative thought citing the work of Edward 

de Bono. Bono introduced a concept of lateral thinking to capture the spirit of creative thought. The 
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human mind does not necessarily think sequentially. Bono posited that vertical thought is akin to digging a 

hole deeper. Lateral thought is, "realizing that you cannot dig a hole in a different hole in a different place 

by digging the same hole deeper."157 In other words, the same solution does not always apply and lateral 

thinking will enable the mind to view the problem from another perspective. Adair's conclusion was 

similar to Martin van Creveld's in The Training of Officers and Frederic Brown's The U.S. Army in 

Transition II. Intense leader training begins with high quality instructors who first challenge conventional 

the thought processes, then focus on the rapid assimilation and synthesis of new information to achieve 

expertise.158 

Given a reliance on initiative oriented skills and skill sets, military doctrine, training, and 

experience become more important as all leaders search for creative solutions to complex problems in a 

decentralized environment. Brigadier General (Retired) Huba Wass de Czege, stated that most of the 

commander's ability to make decisions, lead, and motivate subordinates, "is inherently intellectual because 

people must transform data into information, then knowledge - - and they must do it quickly."159 It takes 

and effort time to develop a disciplined thought process, the expertise to solve complex, ill-defined 

problems, and the ability to execute solutions. General Wass de Czege added that, "mental acuity and the 

intellectual component of battle command will become critical as our future Army increasingly depends on 

the benefits of knowledge."160 

A successful developmental program that fosters inductive reasoning and initiative must involve 

everyone. Classroom activities that require student participation, topical discussions, assignments that call 

upon higher-order thinking, problem-solving activities, in-class presentations, and student involvement in 

decisions about course content and activities appear to promote course involvement.161   The synergistic 

effect of students thinking collectively and solving complex problems through a mentor led dialogue may 

be seen as the basis for the adult learning model. This concept of education stands in contrast to any 

misperceptions that the adult learning model is a solitary effort in reading, lectures, and discovery learning 

to achieve subject matter competency. 

The same philosophy of training used in unit level tactical exercises should be used in the school 

environment. One could develop a series of original exercises designed to prepare the leadership to 
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anticipate, manage, and exploit change. Institutions develop exercises specific to their training needs, be 

they tactical, operational, strategic, or logistic in nature. This could be done by situational exercises that 

lack definition and change in mid-course.162 Once a student solves a problem, give it again with minor 

changes and only accept a different solution. Computer generated simulations allow many iterations of 

leadership training exercises to occur at relatively low costs. The generation of multiple activities will 

assist in developing expertise in problem identification and decision making. However, the challenge for 

the military remains to provide mentored observation of as many different patterns and scenarios as 

possible. 

The current wave of digitization will not ebb any time in the foreseeable future. The Advanced 

Warfighting Experiment evidenced that the digitized command and control systems architecture, could 

enhance simultaneous planning and execution if the staffs achieved greater proficiency.163 The military 

should continue to improve technical literacy and expertise in the field of computers, not only in terms 

simple mastery of new equipment, but greater understanding of what a system does and does not do. Once 

the commander understands the information and the parameters, then it is of use in the visualization and 

decision making process. There are many contractors searching for innovative approaches to the use of 

technology based training and administration. However, leaders must always be able to maximize the 

efficiencies and capabilities of digitized information to enhance, not inhibit decision making. 

The changes in education are not only required for the experimental forces of the AWE. The 

dynamic complexities of a changing world require a change in thought process as our models have all 

changed. The technologies available to all military forces can greatly enhance situational understanding 

and battle command if used properly. One may change thought through changing doctrine, instructional 

lesson plans, techniques, tactics, and procedures. 

One example of such change is provided by Colonel John D. Rosenberger's article, "Training 

Battle Command: Coaching the Art of Battle Command." Colonel Rosenberger focused on the use of the 

Socratic Method of a dialogue to developing thought and individual cognitive abilities. Although being 

able to see the terrain, see the enemy, see yourself, and envision the battle is the essence of battle 

command, the leadership skills necessary to develop thought in others through challenging perspectives, 
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patterns and assumptions is equally as important.164 In this instance of developing battle command, one 

can see that distance learning is only a supplement to personalized mentors and dialogues. 

Training.   The human mind will remain the critical dimension on the battlefield, so our next question is 

how do we train it? Training is a series of related events designed to develop habits of thought and 

behavior through instruction and practice.165 Training the mind to adapt to information age technology 

must be a matter of developing competency, proficiency, and then expertise, without chaining the 

commanders or the staff to command posts and video monitors. As discussed in the learning process and 

education, one should remember the importance of analysis and synthesis ~ the dialectic process of 

transforming data into understanding; information into knowledge. Repetitious, realistic training will 

develop initiative, expert decision making, anticipation, and imagination. 

One may develop expert knowledge though repetitious training in realistic situations across the 

entire spectrum of conflict. Training simulations provide leaders with opportunities to exercise decision 

making skills and then reflect on their thought processes. These simulations include constructive 

(computerized wargames that model units and focus on command and staff functions), virtual (integrated 

machines that focus on smaller units, staffs, and crews), and live exercises (such as those conducted at local 

installations or the National Training Center). The Battle Command Training Program supports the 

training of higher echelon commanders and staffs through the application of complex problems, under the 

pressure of time constraints, and, most importantly, with an external, mentored evaluation of the 

individuals. The training of Force XXI leaders must present decision makers with as many situations and 

variables as possible to force decisions again and again - this takes time and practice. Second, a skilled 

mentor should conduct a dialogue with the individual to determine the thought processes used and ways to 

improve. The leader develops the abilities and skills to form new patterns, linkages, and predictions based 

on the experiences. 

Over time, the military as a collective body will develop new patterns and models that will 

fundamentally change the intuitive and analytical manner it perceives itself and the environment. Changes 

to a new doctrine are not universally accepted and practiced overnight. It requires a substantial investment 
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of time and resources to change a mindset. Leaders in Force XXI conditions can no longer look towards 

General Starry's AirLand Battle concept of a deep, close, and rear configuration of the battlespace. The ill- 

defined nature of our future environment requires a depth of thought to appreciate second and third order 

consequences, anticipate to develop predictions, and quickly decide. Whether one defines the new 

framework by time (current-future), function (engagement-sustainment), physical space (depth and 

simultaneous) or something entirely different, the important matter is to recognize the need for change. 

Initiative oriented warfighting centers on the commander's intent and the subordinate's ability to 

understand, think, and execute. Results from last year's DA WE found a weakness in the ability to 

anticipate information requirements and communicate them to focus the intelligence and targeting 

efforts.166 Information age technologies enable intelligence systems to acquire virtually limitless 

information about the enemy, the terrain, and friendly forces. Therefore, commanders must develop 

meaningful intelligence requirements that contribute to their decision making. A directed telescope should 

not be a fire hose, filling the command post with useless data. Leaders have many different ways to solve 

problems, and the ability to discover unique, creative solutions has always been a strength of the US Army. 

The military must recognize the reduced planning horizons of future situations. A leader may 

only have an hour or less to make the one decision that really matters. This is a mental agility to solve 

complex problems quickly in order to control the tempo through seizing the initiative. The future will not 

stand still and wait for anyone. Our military must develop the ability to command on the move. Power 

projection implies a rapid movement to a foreign area of operation. There will be very limited time before 

the decision may be obsolete. 

This chapter addressed the necessity to address changes in the military education and training 

systems to develop and instill a thought process. The systems are in place to develop leaders with the 

abilities and skills required in the operational conditions of Force XXI. Information technologies and 

simulations serve only to enhance decision making capabilities, not supplant them. Depth, agility and 

versatility of thought arrive from a program that emphasizes inductive reasoning, creative thought, and 

complex problem solving. Expertise, initiative, and decision making skills evolve though repetitious, 

realistic training across the entire spectrum of conflict. 
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Chapter VI. Conclusion 

Man is the fiindamental instrument in battle. — Ardant du Picq 

The users of the information technology systems will develop the situational understanding and 

visualization to enhance the battlefield decision making capabilities in the Force XXI mechanized 

battalions and brigades. However, the organizational transition to Force XXI will be neither easy nor fast. 

Changing organizational systems and patterns of thought takes time, patience, encouragement, and 

planning. Whether one thinks of the current times as an evolution or revolution in military affairs, one 

cannot deny we are in the midst of a paradigm shift from the industrial age to the information age. The 

significant change of information age warfare is the rapid, decentralized flow of information. The essential 

requirement is to develop commanders and staffs that possess expert decision making skills to turn the 

information made possible through digitization into situational understanding and action. 

One fosters this intellectual development through training and educational experiences that 

challenge existing thought structures and mental models. The challenge is to embed an educational, 

training, and command philosophy, such as electronic coup d'oeil, that develops a new mindset to harness 

the technological advantages of the information age. This monograph recommended a new way of 

conceptualizing the battlefield, a different approach of formalized instruction, and a fundamental change in 

the process of developing subordinate leadership skills. The ability to exercise battle command of non- 

linear, distributed operations over an expanded area requires leaders who possess expert decision making 

skills, acute situational understanding, and the initiative to act upon their decisions. Through the 

disciplined education of, and training with, information age technologies, leaders of Force XXI 

organizations will be able to see the forest for the trees. 
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Annex A Glossary 

Accomodation: In the cognitive thought process if a concept or object does not fit into our existing 
cognitive structure, we make changes to our thought structure. 

Army Battle Command System: migration of all fielded and developmental Army C2 systems into one 
fully integrated and interoperable system with seamless connectivity from the NCA to the foxhole. 

Assimilation: In the cognitive thought process it means the taking in, digesting; in the intellectual sphere 
we have a need to assimilate objects or information into our cognitive structures. 

Awareness: To be aware of something implies knowing something either by perception (conscious) or by 
means of information (cognizant). 

Battle Command: the art of decision making, leading, and motivating soldiers and their organizations into 
action to accomplish missions: includes visualizing current state and future state, then formulating 
concepts of operations to get from one to another at least cost; also includes assigning missions, 
prioritizing and allocating resources, selecting the critical time and place to act, and knowing how 
and when to make adjustments during the fight. 

Battle Dynamics: five major interrelated dynamics that define significant areas of change from current 
operations to Force XXI Operations; dynamics are battle command, battlespace, depth and 
simultaneous attack, early entry, and combat service support. 

Battlespace: components of this space are determined by the maximum capabilities of friendly and enemy 
forces to acquire and dominate each other by fires and maneuver and in the electromagnetic 
spectrum. 

Broadcast Intelligence: capability to rapidly "pull down" or broadcast accurate/real-time intelligence (all 
levels, even national level) to the lowest possible tactical level, precluding the layered procedural 
intelligence flow of information. 

Cognitive psychology applies to the study of thinking, concept formation, and problem solving. Work in 
this field has been much influenced and aided by the use of computers. Computers are used to 
present problems and tasks to subjects and to model the thinking and problem-solving processes. 
The impact of computers on cognitive psychology is also evident in the theories used to describe 
human thought. 

Command and Control Warfare: the integrated use of operations security, military deception, 
psychological operations, electronic warfare, and physical destruction mutually supported by 
intelligence to deny information to, to influence, or to degrade adversary C2 capabilities while 
protecting friendly C2 capabilities against such actions; C2W applies across the full range of 
military operations and all levels of war. 

Common Sense: Believed to have been first used by Rene Descartes, "/e siege du sens commun." 
Common sense are practical attitudes and widely accepted beliefs which may be hard to justify, 
but which are generally assumed to be reliable. 

Complexity: Detail complexity contains many variables in a static environment. Dynamic complexity has 
subtle cause and effect relationships where the affect of interventions over time is not obvious. 
Senge indicated that the real leverage in most management situations lies in understanding 
dynamic complexity, not detail complexity. 
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Coup D'oeil: Baron Antoine Jomini's Art of War discussed the importance of tactics, terrain, logistics, 
combined arms, courage, policy, and strategy. Jomini's contribution however is not that the 
general should have a systematic technical knowledge, but rather the ability to know when to do 
what first. That recognized ability and insight of the great captains, coup d'oeil as Frederick 
wrote, was of the tactical thought process, not an application of approved solutions. Clausewitz 
expanded the concept of coup d'oeil as the genius to deal with the uncertainties of war and the 
strategic inward eye. Although we have become a system of systems, the most important system 
remains the human brain. Technology may liberate leaders to make decisions, but it may also 
debilitate the decision making process. 

Deductive and inductive reasoning: Deductive and inductive refer to two distinct logical processes. 
Deductive reasoning is a logical process in which a conclusion drawn from a set of premises 
contains no more information than the premises taken collectively. The truth of the conclusion is 
dependent only on the method and is logically true even if the premise is absurd. Inductive 
reasoning is a logical process in which a conclusion is proposed that contains more information 
than the observation or experience on which it is based. The truth of the conclusion is verifiable 
only in terms of future experience and certainty is attainable only if all possible instances have 
been examined. 

Depth and Simultaneous Attack: the simultaneous application of combat power against an enemy 
throughout the depth and breadth of the battlefield; objective goes beyond defeating the enemy; 
objective is to accelerate enemy defeat 

Development: Understanding that no one perspective is capable of explaining or defining everything, I 
will integrate a number of theories and definitions. Development is a hierarchical process, in 
which each step is seen as a confrontational challenge to a person's previous state that requires 
extension (differentiation and integration) and redefinition (assimilation and accommodation) of 
individual attitudes or competencies in the midst of increasing uncertainty and complexity to 
again achieve a balance (equilibration and the orthogenic principle). I acknowledge the 
limitations of any approach, including my own, that could not account for everything. 

Dialectical Theory: Any theory that holds that change occurs when our ideas meet with counter-evidence 
that motivates us to formulate new and better ideas. 

Differentiation: Occurs when a global whole separates into parts with different forms or functions. 

Distributed Operations: Employing our emerging capabilities, operations and functions are executed 
throughout the depth, width and height of our battlespace. These operations are distributed, that is 
executed where and when required to achieve decisive effects vice concentrated at a possibly 
decisive point. Key to distributed operations is the empowerment of soldiers and leaders to use 
their initiative, willpower, and professional expertise to carry out critical tasks at all echelons. 
Distribution enables Army elements to take advantage of internetted communications avoiding the 
tendency to use the chain of command as the chain of information. Dispersion empowers 
subordinates to operate independently within the commander's intent, leading to synergistic effects 
that exceed synchronization by a centralized headquarters. Distributed operations lead to agility, 
with greater flexibility to react to multiple changes in the situation. There are certain functions that 
are best executed centrally, primarily management of resources. Force XXI Operations seek to 
execute each function using the best operational scheme. Through experimentation and 
operational experience, it appears the best approach is: develop a central intent and concept; 
conduct parallel planning and coordination enabled by digitization; and execute distributed 
operations to achieve the objective. 

Electronic Warfare: military actions that include: electronic attack-the use of either electromagnetic or 
directed energy to degrade, neutralize, or destroy an enemy's combat capability; electronic 
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protection-those actions taken to protect personnel, facilities, and equipment from friendly or 
enemy employment of electronic warfare; electronic warfare support-those actions tasked by an 
operational commander to search for, intercept, identify, and locate sources of radiated 
electromagnetic energy for the purpose of immediate threat recognition. 

Empty Battlefield: describes the perception that a soldier is virtually alone on the battlefield; describes the 
changed appearance of the battlefield when soldiers begin dispersing and seeking cover in 
response to increasing lethality of weapon systems. 

Equilibration: Is the conflict resolution between experiences that contradict the original thought structure 
and thus promote cognitive development (Piaget). 

Five Stages of Skill Acquisition; a development hierarchy 

Skill Level Components Perspective Decision Commitment 
1. Novice Context-free None Analytical Detached 
2. Advanced 
Beginner 

Context-free and 
situational 

None Analytical Detached 

3. Competent Context-free and 
situational 

Chosen Analytical Detached 
understanding and 
deciding. Involved 
in outcome. 

4. Proficient Context-free and 
situational 

Experienced Analytical Involved 
understanding. 
Detached deciding. 

5. Expert Context-free and 
situational 

Experienced Intuitive Involved 

Novice: The ; novice learns to reco gnize various objectiv e facts and features re evant to the skill 
and acquires rules for determining actions based upon those facts and features. Elements of the situation to 
be treated as relevant are so clearly and objectively defined for the novice that they can be recognized 
without reference to the overall situation in which they occur (context free). Lacking the sense for the 
overall task, a novice depends upon learned rules to act. After the acquisition and application of more than 
just a few rules, the exercise of the skill requires so much concentration that the novice's capacity to talk or 
listen to advice is extremely limited. 

Advanced Beginner: After the novice has considerable experience in coping with real situations, 
performance improves to an acceptable level. While that encourages the learner to consider more context- 
free facts and to use more sophisticated rules, it also teaches him a more important lesson involving an 
enlarged conception of the world of skill. Through the perceived similarity with prior examples, the 
advanced beginner starts to recognize meaningful elements when they are present. Experience seems 
immeasurably more important than any form of verbal description. 

Competent: With more experience, the number of recognizable context-free and situational 
elements present in a real-world circumstance eventually become overwhelming. A sense of what is 
important is missing. To cope with the problem, people learn, or are taught, to adopt a hierarchical 
procedure of decision-making. First by choosing a plan to organize the situation, and then by examining 
only a small set of factors that are most important given the chosen plan, a person can both simplify and 
enhance his performance. The difference here is the competent performer chooses an organization plan, 
feels a responsibility for the choice and the results, and is involved in what occurs thereafter. These are 
internalized lessons, not easily forgotten. 

Proficient: The two highest levels of skill, are characterized by a rapid, fluid, involved kind of 
behavior that bears no apparent similarity to the slow, detached reasoning of the problem-solving process. 
The proficient performer is deeply involved in the task and will be experiencing it from some specific 
perspective because of recent events. He has the ability to intuitively respond to patterns without 
decomposing them into component feature, a sense of "holistic discrimination and association." Intuition or 

63 



know-how is neither wild guessing nor supernatural inspiration, but the sort of ability we all use all the 
time as we go about our everyday tasks. The proficient performer, while intuitively organizing and 
understanding his task, will still find himself thinking analytically about what to do. Elements that present 
themselves as important, thanks to the performers experience, will be assessed and combined by rule to 
produced decisions about how to best manipulate the environment. 

Expert. An expert generally knows what to do based on mature and practiced understanding. 
When deeply involved in coping with his environment, he does not see problems in some detached way 
and work at solving them, nor does he worry about the future and devise plans. An expert's skill "has 
become so much a part of him that he need be no more aware of it than he is his own body." After enough 
experience within a specific domain, memory is modified, codified and organized in such a manner that 
there is no need to decompose the patterns, but seen in an instant as the holistic picture. Experts 
performance may be seen as ongoing and non-reflective, but given time and when the outcomes are crucial, 
an expert will deliberate before acting. The deliberation may not require analytic problem solving, but 
rather critically reflecting on one's intuitions. An ability to discriminate an immense number of situations 
is produced by experience. "With enough experience in a variety of situations, all seen from the same 
perspective or with the same goal in mind but requiring different tactical decisions, the mind of the 
proficient performer seems to group together situations sharing not only the same goal or perspective but 
also the same decision, action, or tactic." At this point not only is a situation, when seen as similar to a 
prior one, understood, but the associated decision, action, or tactic simultaneously comes to mind. 

Force Projection: the movement of military forces from CONUS or a theater in response to requirements 
of war or operations other than war; force-projection operations extend from mobilization and 
deployment of forces, to redeployment to CONUS or home theater, to subsequent demobilization 

Freud, Sigmund (1856-1939). The noted Viennese physician Sigmund Freud was one of the first to 
suggest workable cures for mental disorders. Although Freud's theories were at first disputed, his 
work became the foundation for treating psychiatric disorders by psychoanalysis. In more recent 
times his theories have once again been challenged. 

Full-Dimensional Operations: the application of all capabilities available to an Army commander to 
accomplish his mission decisively and at the least cost across the full range of possible operations 

Gestalt psychology provides a healthy balance to the overly atomistic psychologies both in Europe and the 
United States. A group of psychologists-including Wilhelm Wundt, Kurt Koffka, Wolfgang 
Köhler, and Max Wertheimer-contended that the atomistic approach could never lead to the 
understanding of major psychological phenomena. A symphony, they argued, is more than the 
sum of its individual notes. The form (Gestalt) of anything has qualities that are different from, 
and that cannot be attributed to, the sum of its parts. To support their argument, the Gestalt 
psychologists focused on perception. They demonstrated that perception is organized into holistic 
rather than atomistic components. Perception is organized into the figure, such as a soloist playing 
a concerto, and the ground, the orchestral accompaniment. Visually too the perception of the 
observer is centered on the soloist and the conductor, who are the figures, and the orchestra, which 
is the ground. 

Hegel, Georg Wilhelm Friedrich (1770-1831). One of the most influential of the 19th-century German 
philosophers, Georg Wilhelm Friedrich Hegel also wrote on psychology, law, history, art, and 
religion. Karl Marx based his philosophy of history on Hegel's law of thought, called the dialectic. 
In this dialectic an idea, or thesis, contains within itself an opposing idea, called antithesis. Out of 
the inevitable conflict between these opposing concepts is born a third, totally new thought, the 
synthesis. Applied to history by the Marxists, Hegel's concepts were used to formulate the notion 
of the class struggle. From the strife over the ownership of the means of production would arise a 
new classless society—the synthesis. The significance of Hegel's ideas stems in part from the fact 
that they can be applied not only to abstract thought but also to psychology, religion, and history. 
An essential element of his system was his belief that reality can only be grasped when examined 
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as a whole and that any attempt to discover truth by scrutinizing a single facet of reality is doomed 
to failure. 

Information: The communication of knowledge derived from study, experience, or instruction of a 
specific event or situation. 

Information Age: the future time period when social, cultural, and economic patterns will reflect the 
decentralized, nonhierarchical flow of information; contrast this to the more centralized, 
hierarchical social, cultural, and economic patterns that reflect the Industrial Age's mechanization 
of production systems. 

Information Operations: continuous combined arms operations that enable, enhance, and protect the 
commander's decision cycle and execution while influencing an opponent's; operations are 
accomplished through effective intelligence, command and control, and command and control 
warfare operations, supported by all available friendly information systems; battle command 
information operations are conducted across the full range of military operations. 

Information Warfare: actions taken to preserve the integrity of one's own information system from 
exploitation, to corrupt or destroy an adversary's information system, and, in the process, to 
achieve an information advantage in the application offeree. 

Integration: (Cognitive Psychology) Coordinating and organizing thoughts into a whole 

Integration: Force XXI Operations are fully integrated with Joint, Multi-national, and Non-governmental 
partners. Recent experience has reminded us that Army operations have never been and will never 
be independent. From initial receipt of mission, through deployment, operations, and transition to 
follow-on operations Army elements function as an integral part of a Joint Task Force. That Joint 
Task Force is linked to Coalition partners and usually operates in conjunction with one or more 
non-governmental agencies such as the International Red Cross, United Nations, etc. Integrated 
operations enable the Army to leverage the full suite of capabilities the services bring to the 
battlespace. Army helicopters operating from Navy aircraft carriers during Operation RESTORE 
DEMOCRACY and TMD warnings from SPACECOM are two examples of fully integrated 
operations. 

Intent: The state of a person's mind that directs his actions toward a specific object; meaning or 
significance. 

Judgment: The mental ability to perceive and distinguish relationships or alternatives and exercise 
common sense or wisdom: arbitration and adjudication. 

Kant, Immanuel (1724-1804). The philosopher of the 1700s who ranks with Aristotle and Plato of ancient 
times is Immanuel Kant. Kant's most famous work was the "Critique of Pure Reason" (published 
in German in 1781). In it he tried to set up the difference between things of the outside world and 
actions of the mind. He said that things that exist in the world are real, but the human mind is 
needed to give them order and form and to see the relationships between them. Only the mind can 
surround them with space and time. The principles of mathematics are part of the space-time 
thoughts supplied by the mind to real things. Kant said that thoughts must be based on real things. 
Pure reason without reference to the outside world is impossible. We know only what we first 
gather up with our senses. Yet living in the real world does not mean that ideals should be 
abandoned. He argued for a stern morality. His basic idea was in the form of a Categorical 
Imperative. This meant that humans should act so well that their conduct could give rise to a 
universal law. 
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Knowledge: A familiarity, awareness, or understanding gained through experience or study; the sum or 
range of what has been perceived, discovered, or inferred. Knowledge consists of a collection of 
beliefs with varying strengths of certainty and affective quality. 

Military Decision Making Process: A single, established, and proven analytical process. The MDMP is 
an adaptation of the Army's analytical approach to problem solving. It is time consuming, but 
focuses on detailed integration, synchronization, and coordination. 

Multi-Dimensional: Force XXI will operate in an expanded battlespace. This battlespace goes beyond the 
traditional physical dimensions of width, depth and height. It includes portions of the electro- 
magnetic spectrum. This extends beyond the physical boundaries of the division through its 
communications and digital connectivity to other Army, Joint and Coalition elements, even 
reaching back to CONUS from the Theater of Operations. Battlespace will also be defined by the 
human dimension; this includes not only soldiers and leaders, but also the civilian population in 
which operations are being conducted, citizens and families in the United States, and the peoples 
of the world. Finally, time is a dimension of battlespace that must be mastered. This concept seeks 
to seize and exploit the initiative to set the tempo of a battle, not just acting faster than the enemy, 
but acting at that speed which is best for execution of the friendly plan. Battlespace will generally 
be framed by METT-T and largely shaped by corps or JTF operations. This shaping includes not 
only the application of fires and combat power, but also deception, PSYOPS, civil affairs, host 
nation support, sustainment, intelligence, and reinforcement of existing terrain and infrastructure. 

Non-Linear: Force XXI Operations are characterized by non-linearity, executing tasks across the entire 
battlespace rather than massing combat power at the Forward Line of Troops (FLOT). Non-linear 
operations do not seek a rigid organization of the battlespace into close, deep, and rear operations. 
Instead, the battlespace is fluid, changing as METT-T changes through the duration of mission 
preparation and execution. Peacetime engagement, humanitarian assistance, and peacekeeping 
missions are generally executed non-linearly, conforming to the physical characteristics or 
infrastructure of the area of operations or based on mission requirements. Non-linearity requires 
soldiers and leaders to possess greater situational awareness, allowing risk to be accepted with 
space between units rather than more traditional contiguous operations. Non-linearity also 
increases the requirement of each divisional element, maneuver, CS and CSS for all-around 
security. 

Orthogenic principle: Whenever development occurs, it proceeds from a state of relative lack of 
differentiation to a state of increasing differentiation and hierarchic integration (Heinz Werner's 
view of development). Werner's comparative theory focused on the notion of Gestalt, in that we 
tend to close or complete figures into whole patterns. 

Piaget, Jean (1896-1980). The Swiss psychologist Jean Piaget was the first scientist to make systematic 
studies of how children learn. He was also a 20th-century pioneer in developmental psychology. 
Piaget viewed children as people who continually make and remake their own reality. They grow 
mentally by taking the simple concepts they learn early on and integrating them into more 
advanced ones. They try to master their reflexes, and they constantly experiment. 

Precise: Force XXI Operations are characterized by synchronized attacks throughout the battlespace on 
units and targets which have been subjected earlier, condition setting attacks, to enhance their 
vulnerability. Such decisive operations require great precision. Precision in decisive operations is 
enabled by three emerging capabilities. First digitization, providing soldiers and leaders at each 
echelon the information required for making informed decisions. Second, a full suite of strategic, 
operational, and tactical sensors, linked to analytical teams will fuze combat information into 
situational awareness across the battlespace with greater clarity than ever before. Lastly, 
simulations enable Army elements to be tailored based on emerging situation/crisis, plan 
operations based on METT-T, wargame and rehearse those operations yielding precision in 
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execution. Precision in operations goes beyond precision strike; it includes every aspect of 
military operations from deployment through combat and redeployment or transition to other 
operations. In force projection this means the right force, effectively trained and rehearsed, to the 
right place on time. In combat operations, precision means precise maneuver, positioning 
elements correctly in time and space, complemented by precision systems and precision munitions 
and setting conditions which minimize the enemies' ability to rapidly respond and desynchronize 
our capabilities. Precision in force protection includes employing dynamic obstacles 
synchronized in time and space which create either protective or shaping effects; additionally 
air/missile defenses must be effectively employed to counter each enemy capability based on 
intelligence at each echelon. Precision in sustainment includes proactive arming, fueling, fixing, 
and manning empowered by common situational awareness of requirements and asset availability. 

Relevant Common Picture: Is a digital, near-real time representation of the location of friendly and 
enemy units. The enhanced communications abilities and technologies allow the creation of a 
common operational picture, which is the near simultaneous sharing of the operational picture. 
This common data operational picture means something to everyone who looks at it. The set of 
human perceptions extrapolated from the operational picture results in situational awareness. 

Satisfice: Concept based on a 1946 article by Herbert A. Simon, "The Proverbs of Administration." 
Satisficing is selecting the most optimal solution available and accepting the limitation that the 
best solution may be unattainable. 

Simultaneity: The concept of decentralized operations that is multi-dimensional, precise, distributed, and 
non-linear yields the capability to conduct simultaneous operations across the battlespace. 
Simultaneous operations seize the initiative and present the enemy leadership with multiple crisis, 
but no effective response. Digitization creates the ability to plan, coordinate, and execute actions 
simultaneously. Each of these actions creates an effect, the sum of which is greater than if they 
were discrete and sequential. Rather than a single concentrated attack, we execute a series of 
attacks (lethal and non-lethal) as near-simultaneously as possible. For distributed operations to 
have decisive effect upon the adversary, they must be conducted at a tempo and sequence that he 
cannot endure. The principle of simultaneity of action is paramount to the success of Decisive 
Operations. Commanders determine critical objectives and sequence of actions to overwhelm the 
adversary's combat and support structures in a near-simultaneous manner to cause rapid defeat or 
collapse. Upon indication of collapse, highly mobile forces exploit by fires and maneuver to gain 
control and dominate the contested battlespace. 

Situational Awareness: The ability to have accurate and real-time information of friendly, enemy, neutral, 
and noncombatant locations; a common, relevant picture of the battlefield scaled to specific level 
of interest and special needs. 

Social psychology looks into all facets of human social interaction. Among the problems studied by social 
psychologists are such matters as the development of friendship, the nature of romantic 
attachment, and the relative effectiveness of cooperation and competition on achievement. In 
recent years social psychology has included the study of attribution. Attribution theory recognizes 
that psychological perceptions of events do not always correspond to objective realities. 

Understanding: To understand means to perceive and comprehend the nature and significance thoroughly 
by close contact with or long experience of. 
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Annex B Decision Making Models and Command and Control Paradigms 

Figure 1. Boyd's Observe, Orient, Decide, Act Loop 
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Figure 2. The Appraise, Survey, Weigh and Deliberate Model 
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Figure 3. The Stimulus, Hypothesis, Option, Response Paradigm 
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Figure 4. The Situation, Information, Command, Response Paradigm 

The SICR Paradigm 

Information Command 
Fusion Interpretation 

t k 

i ' 

Situation 
Assessment 

Response 
Selection 

i i 

i ' 

Environment 

69 



Figure 5. Process, Analyze, Decide, Implement 

The PADI Paradigm 

Analyze 
Mission Decide 

i i 

1 r 

Process 
Data 

Implement 

i L 

i r 

Environment 

Figure 6. Enter, Occupy and Leave Paradigm 
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Figure 7. The See, Fuse, Maneuver, and Assess Model 
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Figure 8. Sense, Process, Compare, Decide, Act Paradigm 
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Figure 9. Monitor, Understand, Alternatives, Predict, Decide, Direct Model 
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Figure 10. The IdCCCo Paradigm 
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Figure 11. The PCMCP Paradigm. 
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Figure 12. The CHCCD Paradigm. 
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Figure 13. Concept, planning and/or preparation, execution, and assessment methodology 
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Figure 14. Dymek's "Triple A" Model 
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Annex C Decision Making Experimental Research Data and Summaries 

The Nature of Expertise, eds. Michelene T.H. Chi, Robert Glaser, and Marshall Farr 

(xvii) 1. Experts excel mainly in their own domains. A very intelligent person might be that way because 
of specific local features of his knowledge-organizing knowledge rather than because of global qualities of 
"thinking." 
(xvii) 2. Experts perceive large meaningful patterns in their domain. This ability to see meaningful 
patterns does not reflect a generally superior perceptual ability; rather, it reflects an organization of the 
knowledge base. 
(xviii) 3. Experts are fast; they are faster than novices at performing the skills of their domain are, and 
they quickly solve problems with little error. Although studies in the literature actually find experts slower 
at novices in the initial phases of problem solving, experts solve problems faster overall. Possible 
explanation for experts' speed in solving problems rests on the idea emphasized earlier that experts can 
often arrive at a solution without conducting extensive search. 
(xviii) 4. Experts have superior short-term and long-term memory. Not because their memory is larger, 
but because the automaticity of many portions of their skills frees up resources for greater storage. 
(xviii-xix) 5. Experts see and represent a problem in their domain at a deeper (more principled) level than 
novices; novices tend to represent a problem at a superficial level. Experts used the principles of 
mechanics to organize categories, whereas novices built their problem categories around literal objects 
stated in the problem description. 
(xix) 6. Experts spend a great deal of time analyzing a problem qualitatively. Experts typically try to 
"understand" a problem, whereas novices plunge immediately into attempting to apply equations and solve 
for an unknown. 
(xx) 7. Experts have strong monitoring skills. Experts seem to be more aware than novices of when they 
make errors, why they fail to comprehend, and when they need to check their solutions. 

Team Information Processing: A Normative-Descriptive Approach 
Linda G. Bushnell, Daniel Serfaty and David L. Kleinman 

Based on the distributed decision making dynamic, they develop a normative construct to support 
sequential information processing behavior based on optimal estimation theory. Distributed decision 
making is the intellectual theory behind decentralized operations and initiative oriented warfighting. The 
important focus of this research was the collective nature of a decision making team. The descriptive 
factors - recency, anchoring to prior knowledge, systematic underwriting of a partner's expertise, and non- 
discounting of common prior information - were identified and integrated into their normative model. The 
most important finding from the research was a polarization of perception towards a partner's expertise and 
the order in which information was presented. 

Experimental Investigation of the Bounded Rationality Constraint 
Anne-Claire Louvet, Jeff T. Casey and Alexander H. Levis 

Abstract: The cognitive limitation of human decision makers is one of the determinants of 
organizational performance. A basic assumption in the analytical methodology for organizational design 
is that the bounded rationality sets an upper limit on the amount of information that can be processed. The 
results of this experiment indicate that a threshold level can be established and used in the design of multi- 
person experiments. 

The important finding of this research is that the cognitive work load and tempo of operations can 
be specified so that the individual members operate below, but near, their threshold. Although every 
person reaches a task work load at which they can no longer make effective decisions, the data suggests a 
normally distributed relationship. Therefore each individual can be calibrated to the amount of information 
they can receive and still make quality decisions. 
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Information Processing Theory: Some Concepts and Methods Applied to Decision Research 
John W. Payne 

This study of explicit risk choices and gambling in decision making focused not on the tradition 
outcomes measurements in terms of money, but rather in the coding and editing processes of choices. The 
best known process tracing technique is in the collection of verbal reports, thinking aloud while performing 
a task. Although this introspective method was mainly abandoned in the face of criticism from behavioral 
scientists, it is still an effective and cost effective means of gaining insight into the decision making 
process. To develop programs that assess process tracing we could focus on the interpretations of written 
instructions compared to oral or visual. Decision makers could be presented with relatively complex 
problems in the form of written decision cases and forced to articulate their thought process just as we do 
in solving ethical dilemmas or business school case studies. The use of historical vignettes to illustrate 
salient tactical or strategic examples in professional development programs is an example of this 
methodology. The difference is to have a calibrated observer to record the thought patterns and linkages 
made by the decision maker and not focus merely on the outcomes. 

Learning from Experience and Suboptimal Rules in Decision Making. 
Hillel J. Einhorn 

The basic theme of this research is that outcome information, without knowledge or task structure, 
can be irrelevant for providing self-correcting feedback about poor heuristics. Furthermore, knowledge of 
task structure may be difficult to achieve because of the inductive way we learn from experience. Just 
because an individual does not develop the optimal decision making rules, does not mean that person will 
not arrive at an effective, workable solution. We all will make mistakes or sub-optimal judgments, the 
important lesson is in how we learn from them. 
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"Cognitive Psychology, Information Technology, and Education." 
A study from the Netherlands (Beishuizen and de-Leeuw, 1987) on cognitive psychology, 

information technology, and education discusses the potential value of the computer as a research 
instrument with which complex hypotheses on the learning of cognitive skills can be formulated clearly, 
accurate data can be obtained, and testing of hypotheses can be facilitated. The results of computer- 
assisted research on complex and long-term cognitive learning processes, intellectual capacity, and 
cognitive control are considered. First, educational methods can be adapted successfully to individual 
differences between students. Second, learning environments can be enriched with tools for independent 
learning. However, higher order cognitive skills necessary to solve complex problems are only achieved 
when the students begin with an understanding of the problem and use the computer as an instrument. 
Computers did not significantly enhance the ability to solve ill-defined problems. 

"The Third Revolution in Computers and Education" 
Andrea diSessa contends that there is an opportunity to build a legitimate scientific and 

engineering base for science education. DiSessa states that computers play a central role in this 
opportunity, but in order to realize these hopes, focus must be on fundamental issues of how people learn 
and what and how teachers should teach. Computers can be employed to inspire the use of mental models 
and innovative educational techniques. 

Real Money Lotteries: A Study of Ideal Risk, Context Effects, and Simple Processes 
Kenneth R. MacCrimmon, William T. Stanbury, Donald A. Wehrung 

Baseline assumption is that all decisions involve risk taking in choosing alternatives. Especially 
critical for the study of military decision making where uncertainty is expected and the risk is often high. 
Their first finding was that risk may be operationalized in conflicting ways - variance, range, and mean. 
What they then turned to was developing a model to predict ideal risk, or the line at which major gains and 
losses remained in question. The significance of this study was in situations of multiple, random factors, 
regardless of the payoff, decision makers were three times less likely to assume risk in the decision. 
Therefore, the decision maker's hesitancy was based more on the lack of certainty than in the possible 
outcomes. Below is the model they presented to study risk taking in decision making. 
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